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APPENDIX A-1 TIMELINE

Pre-1967 No "serious problems” with groundwater contamination collected during
routine sampling (Ad-Tek pps. 5-6).
1967 CPS Chemicals and Madison Industries (formerly Food Additives)
begin plant operations.
5/1970 NJDEP finds high levels of Zn during routine analysis of groundwater
samples taken from Perth Amboy's well field.
12/1970 - NJDERP finds Zn at increasing concentrations in Bennet Suction Line
9/1970 (BSL) wells.
1971 City of Perth Amboy finds Zn in BSL wells during routine sampling.
1-3/1971 NJDEP samples surface water (puddles and riverlets) within
Madison facility and detects chlorides, sulfates, and nine heavy
metals. Zn, Pb, and Cd are detected at high concentrations.
3/1971
2.4/1973 NJDEP determines that poliutants, originating from Madison Industries, are
contaminating the well field via Pricketts Brook.
3-4/1973 Schoor Engineering, on behalf of Sayreville Water Department, detects Cd, Pb, and

Zn in groundwater samples, and Cd and Pb in surface-water sample, in excess of
New Jersey drinking water standards. Schoor concludes that Pricketts Brook
contamination is from stormwater runoff from Madison Industries.
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APPENDIX A-1 TIMELINE (continued)

3/91973
5/116/1973 NJDEP (Joseph Mikulka) compiles data on surface waters in Tennent Pond and
Pricketts Brook, and discovers increased concentrations of Pb, Zn, and Fe compared
to previous studies.
1973 TV inspection of the Madison Township Sewer Authority (MTSA) industrial trunk
sewer reveals a broken lateral connection in the sewer line. MTSA instructed Madison
Industries to install a pretreatment device to reduce the highly acidic effiuent being
discharged into the main sewer line. The sewer leak is suspected as a main source of
contamination from the Madison Industries site.
5/31/1973
1973 Pricketts Pond constructed.
6-9/1973 NJDEP samples surface water from Pricketts Brook and finds high concentrations of
Zn and Fe downgradient of the Madison property.
1973 Madison/CPS site is paved, potentially reducing the direct discharge to the soil, but
: increasing stormwater runoff.
9/1974 Citizens complain of acid fumes.
1974-1975 Ad-Tek samples surface water, groundwater, sediment, and soils for metals and finds

high levels of Zn in groundwater samples. Ad-Tek concludes that Madison Industries
is the source of metal contamination. Highest levels of Pb and Zn were detected in
soil samples collected south and northwest of the Madison Industries site. Ad-Tek
also suggests that Pricketts Brook sediments were contaminated by runotf from the
broken sewer line.
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APPENDIX A-1 TIMELINE (continued)

11975 Dr. Faust (on behalf of Madison Industries) samples surface water and soil in the
Pricketts Brook watershed and finds a "virtual absence” of Cd, Pb, and Cr in Pricketts
Brook. He concludes that there is not a hazard for the Perth Amboy water supply
(Ad-Tek p.24).
1976-1978 NJDEP conducts groundwater sampling and analyses, and tests for and detects five
constituents (Zn, Pb, Cd, MeCl and 1,1,2,2-tetrachlolroethane) and 32 other organics.
This is the first time organics are detected in groundwater samples.
SUMMARY REPORT NOT PROVIDED. :
4/1976 Citizens complain of bad odor.
11917
711979
8/1979
1979
1980
1980 D&M samples for the 5 constituents and finds Pb and Cd in groundwater samples.

D&M also finds Pb in soils, the highest occurring downgradient of Madison Industries.




APPENDIX A-1 TIMELINE (continued)

6/1981
10/1981
~1981
1982 Converse Consultants, on behélf of Madison Industries, determines that the proposed
confining soil layer (South Amboy Fire Clay) to be used in conjunction with the slurry
wall is discontinuous. Converse consultants suggests that a partial slurry wall would
be more cost-effective.
3/1982 Princeton Aqua Science (PAS), on behalf of NJDEP, condﬁcts groundwater sampling
and tests for Zn, Pb, Cd, and Cu. SUMMARY REPORT NOT PROVIDED.
5/1982
8/1982
5/1983 Wehran Engineering, on behalf of CPS, indicates that the South Amboy Fire Clay

(uppermost clay unit); is discontinuous. However, the deeper Woodbridge Clay is
continuous and could be an effective confining layer for the court's original proposed
perimeter cutoff wall. Wehran suggests the installaton of a crescent-shaped slurry
wall downgradient and above the head of Pricketts Pond.




APPENDIX A-1 TIMELINE (continued)

5/23/1983 Converse, on behalf of Madison, concludes that Madison is the source of heavy
metals contamination; however, the level of contamination is lower than previously
reported. Converse also recommends a cost-effective remedial plan, including the
following: installation of an impervious slurry wall and an inceptor well, in accordance
with the Wehran plan; installation of a discharge line to the MTSA line and 8 to 10
monitoring wells; backfill of Pricketts Pond upstream of the slurry wall; and diversion
of Pricketts Brook.

5/1983-3/1984 Wehran provides amendments to their prbposed remedial action plan.
6/1983
1983
9/1983 PAS, on behalf of NJDEP, finds that either the influent (into the
Middlesex County Utilities Authority treatment system) should be
diluted, or the groundwater should be pretreated to remove primary
poliutant metals (Zn, Pb, Cu) and purgeable organics.
1984
4/1984 Converse & Wehran (on behalf of Madison and CPS) sample for metals and VOCs
detected in pond sediments and indicate that the extent of contamination is much
less than determined by Ad-Tek and D&M.

4/17/1984 HydroQual suggests that conclusions presented in the 1983 PAS report are In error
and do not adequately address the purpose of the investigation.

6/20/1984 NJDEP conducts surface-water sampling in Pn‘éketts Brook and tests for Zn, Pb, Cd,

Cu, and halogenated and aromatic volatiles. SUMMARY REPORT NOT PROVIDED.
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APPENDIX A-1 TIMELINE (continued)

8/1984 CH2M Hill, on behalf of NJDEP, proposes expansion of the slurry wall to the south and
. southwest to enclose the entire area of known contamination (which extended to the
northern portion of Pricketts Pond), eliminating the need for decontamination wells
outside of the wall.
9-11/1984
9/1985
5/1986 To determine the feasibility of implementing the court order, Wehran submits a report
evaluating the extent of the South Amboy Fire Clay at the CPS/Madison site.
4/9/1987 Additional analytical results for VOCs and metals in groundwater are presented by
Wehran.
6/24/1987 As requested by the NJ Superior Count, Richard Olsson investigates the occurrence
of the South Amboy Fire Clay and finds that it is too thin and discontinuous to
serve as a confining unit for the containment wall.
4/1988
Wehran installs 13 "DW" wells and conducts groundwater sampling for Zn, Cu, Pb,
11/1988 Cd, and VOCs. Wehran finds that metals (especially Zn) are present with the highest

concentrations contained on the Madison property and volatiles are still present in
the groundwater.




APPENDIX A-1 TIMELINE (continued)

11/1/1988 CDM prepares a draft completeness review of documents containing information and
data on the CPS/Madison site.
4/1989 Wehran prepares a report analyzing sampling results from 1988. Wehran recom-

mends that further groundwater sampling be conducted to confirm results of existing
data. The additional groundwater sampling data can be used to predict an effective
location of the recovery wells through computer models. Wehran also recommends
that additional data concerning the Evor Phillips Site and other potential sources of
contamination be evaluated to determine the impact on the CPS/Madison remediation
program. The Wehran (1989) report showed that the full extent of the contamination
has not been determined. All of the contaminated groundwater is not discharging in
the Pricketts Pond. Thus, additional plume delineation is necessary and the remedia-
tion system will have to be redesigned. :

A-8




APPENDIX A-2

GROUNDWATER ANALYSES FOR FIVE SELECTED CONSTITUENTS
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GROUNDWATER CONTAMINATION OF FIVE CONSTITUENTS

WEH, 89
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6/13
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AT,75 DM,80 DM,80 DM,80 DM,80
NJDEP NIDEP NJDEP NIDEP

12/74 2174

373

4/713

¥

18.27

42

23

3

623

300

75

6.34

6.7

130

100

269

14.51

36

470

1123

323

1150

6.3

6.7

3560

3570

1243

0.22

2.3

1.7

3.5

2.475

0.723

5.8

0.48

27.25

4.7

0.93

0.244

0.08

0.202

0.273

0.43

0.3

3.73

1.6

36.25

0.796

1.2

0.113

0.135

0.1

0.323

0.83

0.43

0.8

4.2

3.41

5.22%

17

0.36

1.3

0.45

0.3

97.7

0.798

0.8

0.623

0.328

2.305

3.1

1.223

1.5

18.21

10.83

22

4.83

179

218

153

515

0.32

9.09

43

27

0.232

0.278

0.199

2.07

0.4

0.46

0.43

0.66

0.216

1.278

0.3

3.25

A

6.3

12.2

12.5

12.5

6.17

19.75

1.08

20.03

0.22

0.274

0.2

0.167

0.425

0.4

1.87

0.28

1.18

0.63

7.44

0.943

0.273

0.217

0.6

0.83

0.49

2.6

1.4

0.96

0.483

0.214

0.373

1.03

0.8

3.43

0.87

2.1

0.3

0.93

0.7

0.5

0.55

0.43

0.31

0.49

0.7

1.2

AlAIALA

ND

1.6

2.4

0.465

ND

*

6.625

ND

4.96

27, 036 33

ND 0.01

8.125

13

0.962

1.23

<

0.02

97

136

<

0.02

0.404

1.2

0.562

0.428

0.3586

0.633

0.423

1.31

0.428

0.424

0.447

0.403

0.351

0.950

3.82

0.288

0.82

0.486

0.259

1.04

1.6

5.413

3.44

1.988

39



Zinc .

SOURCE: WEH,89 WEH,87 NIDEP,8S CON,83 PAS.82 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM.80 DM,80 DM.80 DM.,80 DM, 80 DM,80 DM,80 DM,80 AT,7S DM,80 DM,80 DM,80 DM, 80
SAMPLE R: ' NIDEP NJDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NJDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP
DATE: 11788 3/87 s/8s 5/83 3/82 10/719 10077 91121 916/ 8m sIm 8776 6/76 5116 a6 1nas 1018 924/ 9N 818 6/78 NS 12114 2/74 M 4/13 3
WELLS: 75 73
WCC-118 6.97 9.33 110 20.9

wCC-11 M 16.4 0.662 0.39 15.6

WCC-11D 0.998 5.5

WCC-12 M 0.021 0.13 0.892

WwCC-13 0.174 0.18

WCC-148 0.8 0.161

WCC-15S JE 0.03 0.216

WCC-15 M/W 0.75

WCC-15D i 0.149

WCC-16S 7.1 0.17 0.5)

SCHOOR:
SE-1
SE-2
SE-3
SE-4
LAYNE:
L-1
L-1A
L-2 . ) ND ND 0.025
L-3
L-4 1.175 15 0.25 0.3
L-S 0.22 0.13 0.2
WEHRAN
WE-1
WE-2

. WE-3 “
WE-4
T-1 28.54 289.6 210
T-2
DEP-1 0.378
DEP-2 0.354
DEP-3
DEP-4 7.66
Dw-18 0.903
DW-1D 0.095
DW-2§ 0.659
DW-3§ 0.521
DW-3D 0.088
DW-4S - 1.09
DW-4D 0.207
DW-35S 2.14
DW-5D 0.047
DW-6S 0.945
DW-6D 0.151
DW-78 0.108
DW-7D 0.065
Say-Pro A .
FB-1 0.047 0.151
FB-2 < 0.026

FB-3 < 0.026

FB-4
TB-1 0.051

TB-2 ;
TB-3 )
TB-4

MB P i e e e
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GROUNDWATER CONTAMINATION OF FIVE CONSTITUENTS {Continuad)



Load
SOURCE:| WEH,89 WEH,87 NJDEP,8S CON,83 PAS.82 DM,80 DM,80 DM,80 DM,80 DM.80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM, 80 DM,80 DM,80 DM,§0 DM,80 DM,80 AT,75 DM,80 DM,80 DM,80 DM,80
SAMPLE NIDEP NJDEP NIDEP NJDEP NJDEP NIDEP NIJDEP NIDEP NIDEP NJDEP NIDEP NJDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NJDEP
DATE: 1/88  3/87 5/8s /83 382 10079 W0/7T 912/ 916/ 81T S/TT 8116 6/16  SI6 416 1118 OIS 9724 9N 8IS 6118 ST 12/74 2114 8113 413 3N
WELLS: 75 15
M-1 0.322 0.2 0.316 0.16 0.8 0.355 0.0 0.003 0.017 0.002 0.042 0.005 0.043
M-2 0.376 0.948 < 0. 0.442 0.27 0.014 0.001 0.019 0.008 0.024 0.088 0.041 0015 0.034 0.062
M-3 < 02 0.2 0.076 0.001 0.051 0.007 0.013 0.003 0.003 0.004 0004 0.003 0.003
M-4 0.003 < 0.1 ND 0.003 . 0.007 0.016 0.015 ND 0.001 0.005 ND
M-$ 0.474 < 0.1 ND 0.003 0.009 0.024 0.017 0.003 0.004 0.002 0.004 0.008
M-6 0.014 0.005 < 0.1
s-1 . 0.36 0.008 0.004 ND 0.062 N
$-2 - 0.026 0.009 0.051 0.328 . M
s-3 0.11 0.006 0.088 0.092
A 0.005 0.025 < 0.1 0.027 < 0.03 0.052 0.037 0.034 0.023 < 0.005
B 0.018 0.005 < 0.1 < 0.03 ND ND ND 0.005 0.004 0.003 0.009 0.009 < 0.005
C 0.02 0.117 0.003 0.006 < 0.005
D < 0.03 0008 0.0i3 0.017 0.023 0.015 0.008 0.082 < 0.005
E 0.05 0.008 0.009 0.018 . 0.09 18.4 ND 0.004 0.003 0.008 0.023 < 0.005
F 0.008 ND 0.009 0.019 0.016 0.069 0.035 0.005 0.016 < 0.00S
G 0008 0.001 0.015 0.013  0.07 0.004 0.006 0.004 0.005 0.005 0.006 < 0.008
H 0.01  0.047 0.027 0.101 0.011 0.008 0.014 0.103 < 0.005
No.i ND . 0.006 0.014 < 0.008
No.2 ND
No.3 + 0.041 0.008 ND 0.003 < 0.005 0.004
No.4 ND 0.002 0.003 < 0.008
No.§ 0.002 0.003
No.6
No.?
3> No.8
’LNO.9
N> No.to 0.063 0.2 0.342
No.ll 0.034 ] < 0.008
No.12 0.2 6.92 ] 0.002
No.13 < 0.005
No.l4
No.l5
No.16 < 0.017 0.003
No.17 .
No.18
No.19 0.024
No.20
No.2l
No.22
WCC-1M 0.013 0.03
WCC-1D [*  0.0014 0.074
wCC-2 [ <  0.091
WCC-2M 7 0.081
WCC-3S
WCC-3M [ < 0.091 0.04
WCC-3D {*  0.003 0.071
WCC-4S 0.03
WCC-4M 0.203
WCC-4D
WCC-3$ < 0.017
WCC-65 [*  0.0014 0.022
WCC-6M 0.0078 0.074
WCC-6D . 0.206 :
WCC-T™M 0.03
WCC-9S 0.008 < 0.1 0.071
WCC-9M 0.005 < 0.1 e e
WCC-9D 0.04 - - ) R
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Lead .
SOURCE: WEH,89 WEH,87 NIDEP,8S CON,83 PAS,82 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM.80 DM,80 DM,80 DM,80 AT,7S DM,80 DM,80 DM,80 DM,80
SAMPLE NJDEP NIDEP NIDEP NIDEP NJDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NJDEP NIDEP NIDEP NIDEP NJDEP
DATE: 11/88 3/87 588 5/83 /82 10/79 107 912/ 9/6! 8m S 8/ 6/76 e a6 11718 10/718 94/ 913/ 8/718 6/18 /718 12/74 2/74 513 473 kK
WELLS: 75 3

WCC-11S|*  0.0025 0.028 < 0.1 0.061

WCC-11 |* 0.0038 0.005 < 0.1 0.108

WCC-11D) 0.005 0.098
WCC-12 |*  0.0039 0.1 0.034
WCC-13 |* 0.0032 0.1 0.071
WCC-14S 0.1 0.071
WCC-13§ 0.1 0.078
WCC-13 0.1
WCC-13D 0.071
WCC-165 |*  0.0028 j 0.1 0.084
SCHOOR:
SE-1
SE-2
SE-3
SE-4
LAYNE:
L-1
L-1A
L-2 _ ND 0.001 0.0
L3
L-4 0.006 ND 0.005_0.007
L-3 - 0.004 0.005 0.004 0.011
WEHRAN
B> WE-1
S WE2
W WE-3
WE-4
T-1 0.005 0.375 0.2
T-2
DEP-1 _|* 0.002
DEP-2 |* 0.0011
DEP-3
DEP-4 0.007
DW-1S | < 0.0009)
DW-ID | < 0.0009)
DW-2§ | < 0.00091

-

A{A|AJALA

A

DW-3$ < 0.00091
DW-3D < 0.00091
DW-48 < 0.00091
DW-4D < 0.00091
DW-3§ < 0.00091
DW-SD | < 0.00091)
DW-6S * 0.00098
DW-6D 0.0055
DW-7§ < 0.00091
DW-7D | < 0.00091
Say-Pro A 0.006
FB-1 *  0.0012 0.025

FB-2 < 0.0009)
FB-3 *  0.0032

T8-1 0.043

GROUNDWALER (CONFAMINATION OF FIVE CONSTITUENTS (Conlinuod }



Cadmium

SOQURCE: WEH,89 WEH,87 NIDEP,8S CON,83 PAS.R2 DM.80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM, 80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 AT.75 DM,80 DM.,80 DM,80

SAMPLE NIJDEP NIDEP NJDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NJDEP NIDEP NIDEP NIDEP NIDEP NJDEP NIDEP NIDEP

DATE: 11788  3/87 sss  sm83 w2 10/19 10/77 912/ 9/6!  BITT ST 8I16 676 S116 46 11/TS 1015 9241 913 8N1S 6/1S SIS 12174 $/73 4mM3 UM

WELLS: : 75 75 73 75

M-1 0.078 0.54 0.051 0.17 1.7 0.4 0.041 0.011 0.031 0.024 0.042 0.024 0.044

M-2 1.48  0.06 0.02 2.01 007 03 0.065 0.028 0.058 0.031 0.039 0.08 0.061 009 0.09

M-3 0.04 < 0.01 0.002 0.008 0.007 0.002 ND 0.041 0.002 0.003 0.004 0003 0.0

M-4 0.003 0.02 ND ND ND ND 0.005  0.00t 0.002 0.007 0.016

M-$ 0.003 0.02 ND ND ND ND 0.00 0.002 0.004 0.003 0.003 0012

M-6 0.023 0.015 0.13

5-1 < 0.01 ND 0.003 0.001 0.0l

s-2 0.004 0.006 0.003 0.002 1

0.007 0.007 0.005 0.009

0.005 0.25 < 0.02 < 0.003 < 001 0.032 0.041 0.039 0.006

.0.005 0.001 < 0.02 < 001 ND 0.003 ND 0.001 0.002 0.004 ND 0.011

< 0.003 ND 0.002 0.006

0.01 0.013 0.011 0.011 0.013 0.015 ND 0.025

< 0.0 0.002 0.003 ND 0.001 0.002 0.002 0.004 0.02 ND 0.026

0.003 0.006 ND ND 0.001  0.003 0.04 0.007 0.013

0.003 0.005 0,002 0.002 ND 0.002 0.001 0.003 0.04 0.003 0.017

0.002 0.001 0.002 0.001 0.003 0.005 0.002 0.002

No.l ND 0.01 0.017
No.2 ND

No.3 v 0.017 0.002 ND j 0.031 < 0.001
No.4 ND 0.001 0.003 < 0.001
No.$ 0.003 0.07

No.6
No.?

>No.8
I No.9

'~ Ts.io 0.00] < 0.02 < 0.003

No. 11 - < 0.003 < 0.001
No.12 < 0.02 0.126 0.003

No.13 < 0.001
No.14
No.15
No.16 < 0.003 0.021
No.17
No.18
" No.19 < 0.003
No.20
No.21
No.22
WCC-1M [ < 0.0043 < 0.003
WCC-1D 0.0043 : 0.006
WCC-2 | < 0.0043 )

WCC-2M 0.021
WCC-3§
WCC-3IM | < 0.0043 0.009
WCC-3D | < 0.0043 < 0.003
WCC-4S 0.008
WCC-4M 0.007
WCC-4D
WCC-3S < 0003
WCC-65 | < 0.0043 0.006
WCC-€M | < 0.0043 0.034
wcC-6b 0.012
WCC-T™ 0.019
wWCC-98 0.008 < 0.02 0.006
WCC-9M 0.003 " < 0.02

wCc-9D 0.022

AlALALA

0.00t
0.001
0.001
0.001
0.001
0.001
0.001
0.00]
0.001

z|o|n|m|o|a]s|>|w
w
A

A{AJATATAIALAIALA

A

GROUNDWATLR CONTAMINATION OF FIVE CONSTHTUENTS (Contunuad)



Cadmium
SOURCE: WEH,89 WEN,87 NIDEP,8S CON,83 PAS,2 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,50 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 AT,75 DM.50 DM.80 DM.80
SAMPLE NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NJDEP NIDEP
DATE: 11/88 387 s;8s  m3 382 1019 10/1T7  9/v2/ 96/ BITT  SITT 8116 6/76  3/16 4716 \WIS 10715 9124l 9N/ 8IS 615 SIS 1274 /73 413 U3
WELLS: ) 73 75 75 75
WCC-11S| < 0.0043 0.005 < 0.2 0.004
WCC-1) | < 0.0043 0.005 < 002 < 0.003
WCC-11D| 0.003 0.01)
WCC-12 [ <~ 0.0043 < 0.02 0.004
wCC-13 [ < 0.0043 < 0.02
WCC-14S < 0.02 . 0.011 N
WCC-15§ < 0.2 0.004 M
WCC-15 < 0.02
WCC-15D 0.009
WCC-165] < 0.0043 < 0.02 0.003
SCHOOR:
SE-1
SE-2
SE-3
SE-4
LAYNE:
L-}
L-1A
L-2 ND ND ND
L-3
L4 0.002 ND 0.001
L-3 ND ND 0.002
WEHRAN
. WEI
"1 WE-2
~ WE-3
VT WES .
T-1 1.694 0.012 0.97
T-2
DEP-1 < 0.0043
DEP-2 < 0.0043
DEP-3
DEP-4 0.017
DW-1S [ < 0.0043
DW-ID | < 0.0043
DW-25 [ < 0.0043
DW-35 [ < 0.0043
DW-3D [ < 0.0043
DW-4§ | < 0.0043
DW-4D | < 0.0043
DW-SS [ < 0.0043
DW-SD | < 0.0043
DW-65 [ < 0.0043
DW-6D | < 0.0043
DW-1s [ < 0.0043
DW-T1D | < 0.0043
Say-Pro A 0.001
FB-1 < 0.0043 0.005
FB-2 < 0.0043
FB-3 < 0.0043
FB-4
TB-1 0.00S
TB-2
TB-3
TB-4
B - . e e [ —
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Methyleno chloride 1,1,2,2-wetrachlorocthane
SOURCE: WEH,89 WEH,87 NJDEP,85 CON,83 PAS,82 DM,80 DM,80 DM,80 DM,80 DM.80 DM,80 DM.,80 DM.,80 DM,80 AT,73| WEN,89 WEH,87 NIDEP,85 CON,83 PAS.52 DM,80 DM,80 DM,80  DM,80 AT,7S
SAMPLE NIDEP FAUST NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP NIDEP FAUST  NIDEP
DATE: /88 387 5188 /83 3182 10/79  12/18  10/78 T8 NITT N2 sl 8ImT a6 12074 1/88 387 5185 5183 3/82 1079 1278 10/78 UMW 2
WELLS: 75 73 . .
M-1 ND < 0.01 0.073 ND  ND < 0.0001 ND 0.01 _ 0.001]
M-2 0.016 ND 0.16 0.083 ND < 0.0001 < 001 ND 0.054 < 0.0005
M-3 ND i 83 2.6 43 161 0.12 ND 4.51 0.24
M-4 < 0.0008 ND  ND < 0.0001 0.0013
M-3 0.0012 ND  ND < 0.0001 < 0.0007
M-6 0.43 < 001
-1 67 10.3 1.9 0.85 ND 8.5 ; 8.43 [
§-2 } < 0.0008 ND ND ND ND < 0.0007 v
5-3 0.0024 ND ND ND ND < 0.0007
A 0.01 0.0482 ND ND < 001  0.0007 0.0137
B 1.4 18.7 103 391 102 1.7 52 12 ND 0.049 33 84 385 1.43
C 0.0048 ND ND ND < 0.0004
D < 0.01 < 0.0005 00004 ND ND  ND < 001  0.0004 < 0.0004
E 0.017 < 0.0003 < 00004 ND ND _ND < 0.0001 < 001 0.0016 < 0.0004
F ND ND ND < 0.0001 < 0.0004
G < 0.000% < 0.0004 ND ND _ ND < 0.0001 < 0.0005 < 0.0004 -
H < 0.0001
No.1 0.257 ) i 0.0033
No.2
No.3 < 0.0005 0.0046 0.042 < 0.0003 < 0.0004
No.4 0.0017
No.§ i < 0.0008 0.0072 ND < 0.0007
No.6
w. No.7
"t No.8
= No.9
No.10 - ND 1.23 ND
No.11 0.0024 21.33 ND 1.677
No.12 1.2 17 ] 0.094 ND
No.13
No.14
No.15
No.16 ND 0.014 0.013 ND < 0.0004
No.17
No.i8 0.0027
No.19 ND ] ND
No.20
No.21
No.22
WCC-1M | < 0.01 ND ND < 0.0l 0.011 ND
WCC-1D | < 0.0 ND ; ND » < _0.0f ND ND
WCC-2 | < 0.01 - - < 0.0l -
WCC-2M - ND ND
WCC-35
WCC-3M | < 0.01 ND < oo ND
WCC-3D | < 0.01 ND <_ oot ND
WCC-45 ND ND
WCC-4M ND ND
WCC-4D
WCC-5S ND ND
WCC-65 | < 0.01 ND 3.845 < 001 ND ND
WCC-6M | < 0.01 ND ND < 000 ND ND
WCC-6D ND ND - i ND ND
WCC-TM 0.0098 ND
WCC-95 ND ND e IR LN ND
WCC-9M 0.68 o . s o
WCC-9D 0 21H N L
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Meothylens chloride T 1,1,2,2-ictrachiorocthans
SOURCE: WEH,89 WEHN,87 NIDEP,8S CON,83 PAS,82 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM,80 DM.80 DM,80 AT,7S WEH,$9 WEMN,87 NIDEP,8S CON,83 PAS, 82 DM.80 DM,80 DM,80 DM,80 AT,7S
SAMPLE NIDEP FAUST NIDEP NJDEP NIDEP NIDEP NIDEP NIDEP NIDEP FAUST NIDEP
DATE: 11/88 /87 /88 5/83 382 10179 12/718  10/718 ns 10177 Ny 96/ 8/17 4N 12/74 11/88 3/87 3/8s 35/83 . 3/82 10/79 12/78  10/78 v 12/74
WELLS: 1 75
WCC-118{ < 0.01 ND ND < 0.01 ND ND
WCC-11 | < 0.01 ND < 0.01 ND
WCC-11D ND ND
WCC-12 | < 0.01 0.96 ND < 0.01 ND ND
wCC-13 | < 0.01 ND < 0.01 ND
WCC-14S ND ND n
WCC-158 ND 18 0.034 ND 0.063 ND
WCC-13 ND ND
WCC-15D 0.0267 0.0203
WCC-168 | < 0.0l ND 0.0079 < 0.01 0.03 ND
SCHOOR:
SE-1
SE-2
SE-3
SE-4
LAYNE:
L-1
L-1A
L-2
L-3
L-4
L-$
WEHRAN
> WE-|
— WE-2
~J WE-3
WE-4
T-1 0.14 0.069 ’ ND 0.003
T-2
DEP-1 < 0.0t 0.002 . i < 0.01 0.002
DEP-2 < 0.01 0.059 < 0.01 ND
DEP-3 ND ND
DEP-4 < 0.01 < 0.01
DW-IS < 0.0t < 0.0)
DW-ID < 0.01 0.012
DW-2§ < 0.01 < 0.01
DW-3S§ < 0.01 < 0.01
DW-3D < 0.01 < 0.01
DW-48 < 0.01 N < 0.01
DW-4D < 0.01 < 001
Dw-5§ < 0.0} < 0.0t °
DW-5D < 0.01 0.039
DW-6S < 0.01 < 00t
DW-6D < 0.01 < 0.0! .
DW-178 < 0.01 < 0.01
DW-7D < 0.01 ’ 0.059
Say-Pro A
FB-1 < 0.01 ND < 0.01 ND
FB-2 < 0.01 ND < 0.01 ND
FB-3 < 0.01 ND < 001 ND
FB-4 ND ND
TB-1 < 0.0) < 0.01
TB-2 0.026 < 0.01
TB-3 < 0.00 < 0ol .
TB-4 ’ ’ o ) - - I
™Mb 0.002 N : L

GROUNDIWATER COUNTAMINATION OF HIVE CONSTIIUENES (Continuo)



g81-V

GROUNDWATER CONTAMINATION OF FIVE CONSTITUENTS (Continued)

NOTES:

© 6 0 6 0 0 O

Ad-Tek lists well numbers which aro assumed to be BSL wells (p.49)

Dupli amples werc god

Valucs are in milligrams per liter (mg/1)

In Wehran, 1989, wells WCC-11VS and WCC-16VS are assumcd to be the same as WCC-11S and WCC-168, respectively
Less than valucs from Wehran, 1989 were analyzed but not d d; the value rep d is the i d
¢ w valued that is lces than the detection limit required in Wehran's contract (Wehran, 1989)

+ = Avg. of Wells NO.3 and NO.3A. (The sampling of well NO.3A is treated

a8 o roplicaic of well NO.3 although it was sampled the following day - NJIDEP, 1985)

Say-Pro A = Sayreville Production well A

limit



APPENDIX A-3

GROUNDWATER ORGANIC ANALYSES
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ORGANICS DETECTED IN ALL WELLS (ppb)

Sampling Date:

Source:

#?

3/82

PAS 3/82

5/85

NJDEP

Wehran 4/87

11/14-16/88

Wehran 4/89

1,2-Dichloroethane.

6.8

210

16

10

22

24

13

M-1

6.5

M-2

53

88

M-6

670

No.3

15

No.11

12.3

No.12

4200

770

T-1

208

WCC-1D

16.0

WCC-1M

01

140

68

WCC-3M

5.8

WCC-6D

17

28

WCC-6S

)

440

WCC-6S

()

WCC-9D

69

WCC-9M

03

1200

WCC-9S

04

17

WCC-11D

8.0

WCC-11M

28

WCC-11M

22.6

WCC-11S

07

15.8

12

WCC-12M

08

1200

80

WCC-15D

24.4

WCC-15M

13

120

WCC-158

106

WCC-158

2000

All Others

<1

<5
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ORGANICS DETECTED IN ALL WELLS (ppb)

A (Continued)
Sampling Date: #? 3/82 5/85 11/14-16/88
Source: PAS 3/82 NJDEP Wehran 4/87 Wehran 4/89
A 05 640
B 14
M-3 20 13
No.12 117 2
T-1 19 400
WCC-6S (1) 206
WCC-6S (2) 10.2
WCC-7M 16.9
wWCC-15D 4.5
WCC-158 1.7 22
All Others <1 <5
1,1=Dichloroeth
B 3
No.12 3
WCC-15S 6
A 9.2
B 6.5
No.11 6.0
No.12 1750
No.16 15.0
WCC-1D 15.0
WCC-6D (4) 104
WCC-6S (1) 4480
WCC-6S (2) 69
WCC-7M 17.3
WCC-11S 25.5
WCC-11M 11.1
WCC-15D 60
WCC-15S 49
All Others <i
A-21




ORGANICS DETECTED IN ALL WELLS (ppb)

(Continued)
Sampling Date: #? 3/82 5/85 11/14-16/88
Source: PAS 3/82 NJDEP Wehran 4/87 Wehran 4/89
A 18
No.11 11.0
No.12 2600
WCC-6S (1) 205 -
wWCC-11M 131
WCC-11S 32
WCC-15D 73
WCC-15S 97
All Others <1
4.5
06 60
DEP-1 10 0.6 J
DEP-2 12 230 310
DW-58 79
DW-7S 62
M-2 4.2
M-3 20 22
No.11 3.8
No.12 655
T-1 3
WCC-5S 194
wCC-6D 4) 8.2
WCC-6M 16 7
WCC-6S (2) 60
WCC-6S (1) 125
WCC-11D 1.1
WCC-11M 3.3
WCC-11S 07 7.6 94 24
wCC-12M 8 320 J 120
WCC-15D 15.1
WCC-15S 14 20.3 190
All Others <1 <5
9.8 ‘
06 29
6 B
10 1 JB
12 850 B 980
63
A-22




ORGANICS DETECTED IN ALL WELLS (ppb)

A (Continued)

Sampling Date: #? 3/82 5/85 11/14-16/88
Source: PAS 3/82 NJDEP Wehran 4/87 Wehran 4/89
DW-7D 22
MB 6
M-2 5.7
M-3 20 6
No.3 18
No.3 19
No.11 2.5
No.12 2130
PA-05 7B
Say-Pro A 11 )
TB-3 1 JB
WCC-3M 2.0
WCC-5S 68
WCC-6S 1) 795
WCC-6S (2) 314
WCC-7M 124
WCC-11M 9.1
WCC-11S 07 5.8 7
WCC-12M 08 3000 290
WCC-15D 45 :
WCC-15M 13 5
WCC-158 14 42 700
All Others <1 <5
Bis(2-ethylhexyl)phthalate
MB 60
No.19 32
WCC-1D 36
WCC-1M 22
WCC-2M 43
WCC-4M 43
WCC-6D 4) 27
WCC-6S (1) 42
WCC-7M 37
wWCC-9D 24
WCC-118 175
All Others <20

2.2

3.8
2.9
375 10
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l ORGANICS DETECTED IN ALL WELLS (ppb)
(Continued)
I Sampling Date: #? 3/82 5/85 11/14-16/88
Source: ' PAS 3/82 NJDEP Wehran 4/87  |Wehran 4/89
l WCC-1M 6.0
WCC-5S 129
WCC-6M (3) 3.2
l WCC-6S (1) 122
WCC-6S ) 101
WCC-7M 34
l WCC-11S 4.2
WCC-15D - 17.2
WCC-15S 11.6 24
l All Others <1
Chlorobenzen z -
I B 06 ' 300 110
DEP-2 12 290 460
DW-1S » 22
DW-5D 59
' DW-5S ~ 290
DW-7D 580
' M-3 20 17
I No.12 26.9 300
‘i WCC-6S () 32
WCC-6S (1) 115
l WCC-7M 3.8
WCC-11S 07 4.5 65 35
WCC-12M 08 900 1100
l WCC-15D 39
WCC-15S 14 100 580
l All Others <1 <5
Trans=1,2-Dichloroethylene
' A 26.4 ,
l B 06 110
DEP-1 10 4 J
DEP-2 12 46 J
l M-3 20 . 30
: No.11 _ 12.0
| No.12 925
' WCC-1M 01 32
: WCC-5S 81
WCC-6M 3 4.9
l - WCC-6S A 26.3
WCC-6S (1) 185
I WCC-7M 3.1
l A-24
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ORGANICS DETECTED IN ALL WELLS (ppb)

(Continued)
Sampling Date: #? 3/82 5/85 11/14-16/88
Source: PAS 3/82 NJDEP Wehran 4/87 Wehran 4/89
WwCC-11D 2.5
WCC-11M 23.0
WCC-11S 07 31 24
WCC-12M 8 1600
wWCC-15D 41
WCC-15S 131
All Others <1 <5
A 39
B 06 22 :
DEP-2 12 72 JB 87
DW-5D 10
DW-5S 26
DW-7S 40
M-2 17
No.11 5.3
No.12 330
WCC-6S 1) 60
WCC-6S (2) 82
WCC-7M 5.4
WCC-11M 6.0
WCC-11S 07 6.4 16
WCC-12M 50
WCC-15D 124
WCC-15S 14 141 68
All Others <1 <5
Total Xylenes
A 9.4
M-2 10
No.12 1190
WCC-6S (1) 185
WCC-6S (2) 116
WCC-7M 7.2
WCC-11M 9.3
WCC-118 6.8
WCC-15D 30
WCC-15S 42
All Others <1
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ORGANICS DETECTED IN ALL WELLS (ppb)

{Continued)
Sampling Date: #7 3/82 - 5/85 11/14-16/88
PAS 3/82 NJDEP Wehran 4/87 Wehran 4/89
12
12
2.6
3.7
38
09 J
1) 2200
(2) 56
2.7
<1
72
6
10
38
: . 59
M-2 14
M-2 20.3
M-3 20 7
M-6 80
No.11 2.3
No.12 1230
T-1 19 47
WCC-1M 19
WCC-1M 01 _ 38
WCC-6D 17 17
WCC-6S (1) 524
wCC-9D 5.3
WCC-9M . 03 ’ 190
WCC-11M 12.9
WCC-15M 13 17
All Others <1 <5
24
WCC-6S (2) 24
Alil Others . <20
(2) 21 *
All Others <20
A-26
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ORGANICS DETECTED IN ALL WELLS (ppb)

(Continued)

Sampling Date:, #? 3/82 5/85 11/14-16/88
Source: PAS 3/82 NJDEP Wehran 4/87 Wehran 4/89
wC (@) 21 *
All Others <20
WCC-6S ) 53
All Others <20
No.12 182 ***
WCC-6S (2 73
All Others <20
N=nitrosodiphenylamine
No.12 208
WCC-6S (1) 471
WCC-6S (2) 24
All Others <20

34
All Others <20
Dimethylphthalate
WCC-118 93
WCC-6S (1) 26
All Others <20
Bis(2=chloroethoxy)methpne
No.12 41 **
All Others <20
No.12 41 **
All Others <20

182 ***
All Others <20
A-27
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ORGANICS DETECTED IN ALL WELLS (ppb)

{Continued)
Sampling Date: #7 3/82 5/85 11/14-16/88
Source: PAS 3/82 NJDEP Wehran 4/87 Wehran 4/89
N=nitrosodi=n=propylamine
No.12 182 ***
All Others <20
102
<20
10 4 J
12 200 B
16
1
31
6 B
T-1 2
WCC-6S (1) 1070
<1 <5
(1) 23
All Others <20
Acengphthylene:
WCC-6S (1) 46
All Others <20
Hexachlorocyclopentadigne
No.12 125
WCC-6S (1) 184
All Others <20
Vinyl:Chlorid
B 06 7 J
DW-7S 11
WCC-118 07 7 J
All Others <10
WCC-15M 13 9 J
All Others <10
A-28
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ORGANICS DETECTED IN ALL WELLS (ppb)

(Continued)
Sampling Date: #? 3/82 5/85 11/14-16/88 |
Source: PAS 3/82 NJDEP Wehran 4/87 Wehran 4/89
2 JB
2 J
3 JB
B 220
DEP-2 48
DW-1D 10
DW-5D 34
DW-7S : 56
No.12 500
WCC-~-12M ' 400
WCC-158 1600
All Others <10
18
24
<10
48
No.12 : 120
T-1 33
WCC-15S 340
. ;

Footnotes:
*,**,and *** = Compounds elute at a similar retention time.
For 4-87 Data:

< means that the compound was analyzed for but not detected at specified detection limit.

B means the analyte was found in the blanks as well as the sample. It indicates possible
sample contamination and warns the data user to use caution when applying the
resuits of this analyte.

J indicates that the compound was analyzed for and determined to be present in the
sample. The mass spectrum of the compound meets the identification criteria of the
method. The concentration listed is an estimated value, which is less than the
specified minimum detection limit but is greater than zero.
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ORGANICS DETECTED IN ALL WELLS (ppb)

(Continued)
Sampling Date: #? 3/82 5/85 11/14-16/88
Source: PAS 3/82 NJDEP Wehran 4/87 _|Wehran 4/89

#? = Numbers not in parentheses are sample number qualifiers presented in the 4-87
data. Numbers in parentheses are sample number qualifiers presented in the

3-31-82 data. There is no indication as to what these numbers mean.

This table does not include Methylene Chloride or 1,1,2,2-Tetrachlorethane.
They are inicuded irn the table of the five constituents
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APPENDIX A-4

INDEX TO MAPS ON FIGURE 1-5
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AT
BoB
8oC
BoD
BuB
ChA
Chs
DnA
DnC
DoB
DTB
DTD
DUA
DvA
DvB
DWA
Ek
EoA
EoB
ESA
(3%:]
EvC
EvD
Fa
Fb
Fa

INDEX TO MAP UNITS IN FIGURE 1.5. (CH2M HILL 1984)

Atsion sand T I
Boonton loam, 2 to 5 percent STOPES tieeveracreconancoocconoes
Boonton loam, 5 to 10 percent STOPES terevevoesossesnococennes
Boonton loam, 10 to 15 percent STOPES tieeensoscconnnannsnsons
Boonton-Urban land complex, 0 to 5 percent S1OPeS veeeecnvnnse
Chalfont silt loam, 0 to 2 percent S10PeS teveeeececconscocsss
Chalfont loam, 2 to 5 percent slopes R R ¥
Downer loamy sand, 2 to § Percent SI0PeS s.iveevevevnnscoocnans
Downer loamy sand, 5 to 15 Percent ST10PeS teveeeeraceccocessas
Downer sandy loam, 2 to 5 percent STOPES 4eievvocecoosannenns
Downer-Urban land complex, 0 to 10 percent S10PeS cevevececoss
Downer-yrban land complex, 10 to 15 percent slopes
Dunellen-Urban land complex, 0 to 5 percent slopes
Dunellen Variant sandy loam, 0 to 2 percent slopes
Dunellen variant sandy loam, 2 to 5 percent SIOPES eeeceocnnas
Dunellen variant-yrban land complex, U to 5 percent slopes....

E]kton ]oam ..................Q............l...I....l....‘....

Ellington Variant sandy loam, 0 to 2 percent S10PeS eeesooccss
Ellington variant sandy loam, 2 to 5 percent S10PeS ceeeevaces
Ellington variant-yUrban land complex, 0 to 5 percent slopes...
Evesboro sand, 0 to 5 percent S1OPES tieieeeecncnnnnsonccocces
Evesboro Sand, 5 t0 10 percent STOPeS seesescescsccsconnnnnnss
Evesboro sand, 10 to 15 percent STOPES ceervncoccosccccccncanse
Fallsington sandy loam O N
Fallsington 1oam L
Fallsington Variant 10am tiveeeeeeueeecnseesececncnsennnnnnnns
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Frg
HaA
HaB
HBB
HcA
HeA
HIA
HmA
HoA
HU

KeA
KeB
KeD
KfA
KfC
KfD
KGB
K1A
KmA
KUA
KvB
KvD
KvE
KWB

INDEX TO MAP UNITS IN FIGURE 1.5. (CH2M HILL 1984)

Fort Mott 10amy sand, 0 tO 5 PErCeNt .eceecesesssccsssscasscsnee |
Haledon silt loam, O to 2 percent SIOPES cceevesssssccsscsoccss
Haledon silt loam, 2 to 5 percent S1OPES .eeeccecsscscocsssssse
Haledon-Urban land complex, 0 t0o 5 percent S10P€S cececocsccess
Haledon variant silt loam, 0 to 2 percent S1OPeS cececscosscocscs
Hammonton loamy sand, 0 to 3 percent S1OPES ceeesecscssssccaccs
Hammonton loamy sand, clayey substratum, 0 to 3 percent slopes.
Hammonton sandy loam, 0 to 2 percent SIOPES seeeescesccssccsces
Holmael fine sanay loam, 0 to 2 percent siopes ........}.......
Humaquepts, frequently f100ded «.ceeeceecceeccsccssccscsnconcs
Keyport sandy loam, O to 2 percent S1OPeS cceecvesscscccccccascs
Keyport sandy loam, 2 to 5 percent S10PeS cececeseescossccccens
Keyport sandy loam, 10 to 15 percent S1OPeS scececccccscscccces
Keyport loam, 0 to 2 percent S1OPeS ccccevecccccrrrcsssccannnss
Keyport 1oam, 5 to 10 percent S10PeS eceeeesecscsctacccasccnnnss
Keyport loam, 10 to 15 percent S1OPeS secevecccsscscccsecnccss
Keyport-Urban land compléx. 0 to 10 percent S1OPES cececosccsss
Klej loamy sand, O to 3 percent SIOPES ccccooeveccssccscssssnce
Klej loamy sand, clayey substratum, 0 to 3 percent S10pes .esee
Klej clayey substratum-Urban land complex,0 to 5 percent slopes
Klinesville shaly loam, 0 to 5 percent S1OPeS ceccceccssascncee
Klinesville shaly loam, 5 to 15 percent S1OPeS cccceccssccccnss
Klinesville shaly loam, 15 to 25 percent S10PeS ceeevecsccccocs
Klinesville-Urban land complex, 0 to 5 percent S10pes ...ceseee
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LaA
LeB
LnA
LnB
LUA
LvA
Ma

MeA
MeB
MyA
Mg8B
MoA
MoB
MsB
Mu

NaA
NaB
NCB
NfA
NfB
NGA
Pa

Pb

Pc

INDEX TO MAP UNITS IN FIGURE 1.5. (CH2M HILL 1984)

Lakehurst sand, 0 to 3 percent SIOPES seeeeevescroessccconscons
Lakewood sand, 2 to 8 percent slopes ........,........;........
Lansdowne silt loam, 0 to 2 percent S1OPeS ...eeeoececcsccsasas
Lansdowne silt 1oam, 2 t0 5 percent S10PeS eeeeecccvsccscsccnss
Lansdowne silt 10a, 2 t0 5 percent SIOPES cceesesccscossscscces
Lansdowne Variant silt loam, 0 to 2 percent S10PES eeececcccnnces
Manahawkin muck ..;..........;.................................
Matapeake silt loam, 0 to 2 percent slopeg O
Matapeake silt loam, 2 to 5 percent slopes ....;...............
Mattapex silt 10am, O t0o 2 percent STOPES .eeecesvecscccacceses
Mattapex silt 1oam, 2 t0 5 percent S1OPeS ceececccscscsecsnsces
Mount Lucas silt loam, U to 2 percent S10PES ceeeeeccsscscccses
Mount Lucas silt loam, 2 ro 5 percent S10PeS seeeseccvcscccsnes
Mount Lucas very stony silt loam, 0 to 5 percent s10pes «vevess
Mullica Sandy 10aM .euueeveeeosscccconcocccnocesesncsocscsscsse
Nixon 10am, O tO 2 Percent SIOPES ceeesecconsoscsscccscscccsces
Nixon 1oam, 2 t0 5 percent SIOPeS coececevcocesrcscsccsccccsses
Nixon-Urban land complex, 0 to 5 percent S10PeS ..ceesscnsencen
Nixon Variant 1oam, 0 to 2 percent S10PeS cccececccccccacononas
Nixon variant loam, 2 t0 5 percent S1OPeS sceoccesccsssccccsces
Nixon Variant-Urban land complex, 0 to § percent S10peS .eeecee
Parsippany S11t 108M coececvoseecssssccscccscscsssccscccsssnnsne
Parsippany silt loam, frequently f100d€d ccesececoccccocsccocns
Parsippany vVariant Silt 102N ...cveecescecececcccccsscccsaceces
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PeA
PfA
PfB
PhD
PL
PM
PN

- PO

PW

ReA
ReA
RFA
Rh

RO

SaA
SaB
SaC
SgB
SgC
SyD
SIA
SIB
SMB
SrA

INDEX TO MAP UNITS IN FIGURE 1.5. (CH2M HILL 1984)

Pemberton loamy sand, 0 t0 3 percent SIOPEeS coeeevcososascccose
Penn sSilt 1oam, 0 t0 2 percent STOPES seeeseesccescocoscsccssse
Penn silt 1oam, 2 t0 5 Percent SIOPeS veeeeecoscocsccscoscossses
Phalanx loamy sand, 2 t0 15 percent S1O0PES ..eeececccccscccccns
R S
Pits, SANA ANG GraVel ..iseuerecocrcocccoocscecoscoscsscssssses
Psamments, NEarly 1evel ..ieeeeecccoscccessscncccoccesconsssosse
Psamments, SUTtidic SUDSTFAtUM cececeococesacoocccoansscsaossees
Psamments, wWaste SUDSLIratum ..ceeecececcscsasnccscasssosccasass
Reaville silt loam, 0 t0 2 percent SIOPeS ceceveccsosscccscsses
Reaville silt loam, 2 t0 5 percent S1OPeS .veeececssscevcccccce
Reaville-urban land complex, 0 t0o 5 percent S10pPeS ceoveceecons
Reaville Variant Silt 10aM .eueecescsscecccscsocccccccocscccecs
ROWIANA STIT J0BM tevuuieeneennoeaeeonsoonannesennsssssocsnnnes
Sassafras sandy loam, O to 2 percent SIOPES ceeveescscosassanes
Sassafras sandy loam, 2 to 5 percent S1OPeS eev.vececccsssccses
Sassafras sandy 10am, 5 t0 10 percent S1OPES e.esecescoscescese
Sassafras gravelly sandy loam, 2 to 5 percent s10peS sevnecnccs
Sassafras gravelly sandy 10am, 5 to 10 percent S10PeS seeeeeoos
Sassafras yravelly sandy loam, 10 to 15 percent S10peS ceeecces
Sassafras l1oam, 0 to 2 percent S1OPeS ccceceeeccccscoccscoccons
Sassafras loam, 2 to 5 percent slopes ...;.....................
Sassafras-urban land complex, 0 to 5 percent S10PES ccovevococe
Shrewsbury sandy loam, 0 to 2 percent S1OPeS ceeececesscccscnns
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Su
TnB
us
uc
ub
uL
Wa

© WdA

Wag
WkA
wkB
WIA
wiB
WU

INDEX TO MAP UNITS IN FIGURE 1.5. (CH2M HILL 1984)

Sulfaquents and sulfihemists, frequently flooded Ceereecacanaas
Tinton loamy sand, 0 to 5 percent STOPES teveveecoccoconsncenss
Udorthenths, bedrock substratum T
Udorthents, clayey substratum T
Udorthents, wer substratum-Urban )and COMPIEX cevessosoncocanss
Urban land R
Watchung very stony silt loam, 0 to 2 percent S10PES veeeccoe.,
Woodstown sandy loam.ro to 2 percent slopes teecescsstecttsenss
Woodstown sandy loam, 2 to 5 percent STOPES teeeeccononnnnncens
Woodstown sandy loam, clayey substratum,0 to 2 percent slopes..
Woodstown sandy loan, clayey substratum,2 to 5 percent slopes..
Woodstown loam, 0 to 2 percent slopes teceetesecesseessocnccass

Howstown ]oam’ 2 to 5 perCent slopes ................‘.'......

Woodstown-Urban land complex, 0 to 5 percent S10peS ceeeeoccees
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WELL CONSTRUCTION INFORMATION
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AVAILABLE - WELL CONSTRUCTION INFORMATION

Woll No. | Selected? | -  Sourceof - "+ |Estimnated Elevation Screened Land Surface Top of Casing Top of Bottom of
' Co oL T information -1 . of Well'Bottom * Unit(s) Efevation Elevation Screen Screen
e SR S : (depth) (depth)
AN Yes WB8I/AD*/DM80 | ). & -27.14 Old Bridge 22.86 d
‘| Yes W83/AD*/DM8O |- -22.51 2499 d
C . - |NO WELL CONSTRUCTION INFORMATION .- . . = .
(o : Yes WB83/AD*/DMB8O |: @ -21.64 Old Bridge 27.36¢ 29.16 d
E Yes WB83/AD*/DM8O |: ) -10.92 29.08 d
F - Yes AD* | - "] -— :
a Yes AD*/DM8O0 |: - e -2.18 Old Bridge 37.82¢
H - Yes AD*/DM80 |- = K2 -9.26 Old Bridge 26.74c
M-1 . ' DMB0/W83 [ -19.97 Old Bridge 2443 ¢ 23.79 d
M-2 - Yes W83/DM8B0O/W8S ‘b -14.22 Qld Bridge 22.75 ¢ 22.75d/23.68 b
M-3 - W83/DM80 S C -22.83 Old Bridge 22.77 ¢ 2277 d
M-4 DM80 : o -—
M-5 R DM80 s -
M-6 . .. Yes wg9 e - - - b
Yes W83/DM80 -8.68 Old Bridge 23.32¢ 23.32 d
DMBO | . .o .. L —-— -
Yes DMS80 |-~ 2.05 Old Bridge 27.05¢
Yes W83/WB9 | . ‘b ~-27.22 27.31d/27.88 b
Yes WB86*/W89* | : 1 b -71.13 Raritan 26 a 26.79d/27.77 b 91 101
Yes WB86*/W89"° | -+ " 55.75a/67.21 b’ -29.01 Raritan 24 a 26.340/28.20 b 45/46 55/56
Yes w86 */weg9* 81a/80.25a/85.05 b . -55.57 Raritan 26 a 29.11d/29.48 b 71 81
W83 | .. R - 27.63 d
Yes was9 |- -22.37 28.39 b
Yes wsee* |- Raritan 47 57
Yes wa6* -55.59 24 a -24.57 d
- - W83 —_ 24.25 d
WCC=6M - . " W86* |- -9.57 Raritan 26 a - 25 35
WCC-58. - ' we3 - 26.96 d :
WCC~6D . Yes w86 /wsg* | : ~54.05 Raritan 25 a 25.95 d 65 75
WCC-68: Yes WBe/wa9 |.. -10.72 26.98d/26.35d/26.98 b
WCC~-6M Yes W83/W89 | - -29.41 26.15d/26.15 b .
WCC-7M:. - Yes w8e* | ... - -28.74 Raritan 25 a 26.36 d 45 55




AVAILABLE WELL CONSTRUCTION INFORMATION
Selacted? Source of - “Total Well Estimated Elovation Screened Land Surface Top of Casing Top of Bottom of
TR novmiation eptt - ' Unit(s) Elevation Elevation Screen Screen
. IR (depth) (depth)
Yes W86* |: -31.55 Raritan 23 23.95 d 45 55
W83 | - 24.34 d
WCC~1 ‘ID i i, Yes w86°/wsg9* -48.29 Raritan 22 2321 d 55 65
WCC+118 Yes w83/ws9 2.83 22.89d/22.89 b
WOC-11IM - Yes w8a/wsa9 -28.63 23.25d/23.25 b
WCC-12M: Yes' W86*/wag* |: ~33.67 Raritan 22 22.83d/22.83 b 45 55
WCC~13M .. Yes W86*/weo* -34.71 Raritan 19 11t stkup/21.17 b 44 54
WCC~148:: . w83 - 20.39 d
WCC-16M . Yes wse* |- -29.56 Raritan 21 2194 d 38 48
WCC-158. - we3 - 2202 d
‘WCC-16D .. INO WELL CONSTRUCTION INFOHMATION
WCC-168. Yes w83/wa9 |. 3.27 23.31d/23.31 b
WE=1 wW83*/weé* 0.69 24a/25.69d 27.72 d 23 25
WE-2 W83*/ws6* -0.29 24a/24.71d 26.93 d 23 25
WE-8. = wa3* 211 27.11d 29.01 d 23 25
WE~4 - w8g3* -0.81 24.19d 26.17 d 23 25
T-1: Con83 | -
T-2 = NO WELL CONSTRUCTION INFORMA TION N
"T=3 . NO WELL CONSTRUCTION INFORMATION -~
OM8B0 | . -
DM80 -
Yes AD*/W86* --
Yes AD*/W86* --
i Yes AD*/W86* —
‘No.8 NO WELL CONSTRUCTION INFORMA"ON
No.7. |NO WELL CONSTRUCTION INFORMATION
No.8 {NO WELL CONSTRUCTION INFORMA 710N
No.9. AD*/W86* -39 18
No.10 Yes AD*/W86* -46 15 12.98
No.11 Yes AD*/DM80O/W86* -34.08 Old Bridge 17.67c/17a 14.78 -
-No.12 DMBO | . .7 i - 15.98
:NO.13 Yes AD*/DMBO/W8B6* | 5076/60.63:/58.00- -40.37 Old Bridge 17.63c/17a 22¢ 32¢
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AVAILABLE WELL CONSTRUCTION INFORMATION
‘Seolected? | . Sowiceof | .. ‘Total Well ~* - |Estimated Elevation Screened Land Surface Top of Casing Top of Bottom of
e Anformation:: |- - - Depth . -1 - of Wel Bottom Unit(s) Elevation Elevation Screen Screen
" o fo T e e S N (depth) (depth)
. |NO WELL CONSTRUCTION INFORMATION
A - {INO WELL CONSTRUCTION INFORMATION
:No. i Yes S -53.32 | S.Amboy Fire Clay 18.38¢
No.17 5 S -42.7 Old Bridge 20.00c
No.18 . - INO WELL CONSTRUCTION INFORMATT
No19 - Yes | £ 4.0C::. ~54 | S.Amboy Fire Clay 20.00c
No.20 - _|NO WELL CONSTRUCTION INFORMATION: S
No.21 . ...i i |NO WELL CONSTRUCTION INFORMATION . - - .
No.22- "~ - INO WELL CONSTRUCTION INFORMATION ..
Layne #1A DM80 | ¥ _ >-177 Farrington 23.00c
Layne #1 DM80 T — .
Layne #2 DM80 >200¢° >-180 Farrington 20.00c
Layne #3 DM80 T -
Layne #4 Yes DM80 2706 - -50 Old Bridge 20.00c
Layne #5 DM80 - ‘
Schoor #1. | [INO WELL CONSTRUCTION INFORMATION . . .~
DMBO | —
DMBO | - -
DM8O | .. o it -
Yos wg9* .33 -34.67 24.66 b 50 60°
Yeos W89* | = 3525 b -10.87 2438 b 24.2 36.5
DEP-3 NO WELL CONSTRUCTION INFORMATION.

Yes we9* | - ~7.81 19.79 b 20 30
OW-18 Yes wa9* b -5.47 20.68 b 14.52 24.52
OW+1D Yes wgg* K -35.67 20.68 b 44.63 54.63
DwW-28 Yes wg9* b -4.6 2220 b 14.75 24.75
DW-=38 ~ Yes wag* b -2.32 2397 b 14.32 24.32
DW-3D Yes wg9* B -32.12 24.36 b 44.49 54.49
DW-4S§ - Yes wg9* b 0.51 2751 b 15.41 25.41
DW-4D Yes wge* b -28.56 2771 b 44.36 54.36
OW=58 Yes wsg9* b -2.69 22.79 b 13.87 23.87
DW-5D Yos wesg* b ~29.5 22.76 b 40.63 50.63




AVAILABLE WELL CONSTRUCTION INFORMATION

Well No. . | Selected? | - Sowrce of " |Estimated Elevation) Screened Land Surface Top of Casing Top of Bottom of
EE R information  |: -1 of Well Bottom Unit(s) Elevation Elevation Screen Screen
o C I L DT o : (depth) (depth)
DW-6S - - Yes wag* -5.25 2153 b 14.80 24.80
DW-6D: - Yes wsag* | -36.31 2133 b 45.68 55.68
OW-78 - Yes wsa9* -3.26 2291 b 14.62 24.62
DW-7D° - Yes wa9* -30.12 2342 b 41.52 51.52
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- Top of Filter Pack | Top of Top of Grout Surface Seal Blank
Filter Pack | Material | Bent Seal| Grout Material Material Material
" (depth) (depth) | (depth)
observation sch40 PVC -.concrete pad [sch40 PVC
observation 11-74 3’ sch40 PVC concrete pad |sch40 PVC
observation 11-74 3" sch40 PVC concrete pad |sch40 PVC
observation 11-74 3 sch40 PVC concrete pad [sch40 PVC
observation 11-74 3 sch40 PVC concrete pad |sch40 PVC
observation 11-74 3’ sch40 PVC concrete pad [sch40 PVC
observation 11-74 3 sch40 PVC concrete pad |sch40 PVC
M-1 indust H20 sup?
M-2
M-3
M-4
M-5
M-6 - 3"
S-1
8S-2
§-3
WCG-1M .
WCC-1D . monitoring 1-81 2 10 |sch40 PVC - - — sch40 PVC
' monitoring 1-81 2" 10 [sch40 PVC 42 sand surface mud sch40 PVC
monitoring 1-81 2° 10 |sch40 PVC - - - sch40 PVC
2.
1-81 27 10 {sch40 PVC — - -— sch40 PVC
monitoring
monitoring 1-81 2 10 |sch40 PVC 22 sand surface | heavy mud sch40 PVC
monitoring 1-81 2° | 10 [sch40 PVC — - — scha0 PVC
monitoring 1-81 2r 10 jsch40 PVC 40 sand surface | thick mud sch40 PVC




Top of Filter Pack | Top of Top of Grout Surface Seal Blank
Filter Pack | Material | Bent Seal | Grout Material " Material Material
{depth) (depth) | (depth)

- 42 sand 2 | heavy mud concrete [sch40 PVC
WCC-11D":|  monitoring 4-81 2- 10 |sch40 PVC 52 sand 2| heavy mud cement [sch40 PVC
WCC-118
WCC=11M
WCC-12M - monitoring 4-81 2* 10 jsch40 PVC 42 sand 2 | heavy mud cement |sch40 PVC
‘WCC~13M - monitoring 4-81 2" 10 |sch40 PVC 11 sand 2 | heavy mud concrete |schd40 PVC
WCC-148
‘WCC-16M_:|  monitoring 4-81 2" 10 |sch40 PVC 34 ~_sand 2 | heavy mud concrete? |sch40 PVC
WCC-168
WCC-18D. -

WCC-168

WE-1 i 2-83 mud 11/4° 2 PVC 21 sand 17 | surface | Cemt Bent PVC |.
WE-2:.;" . 2-83 mud 11/4" 2 PVC 1.5 sand 19 | surface | Cemt Bent PVC
WE-3. mud 11/4” 2 PVC 20 sand 18 | surface | Cemt Bent PVC
WE-4' - 11/4° 2’ PVC 20 sand 18 | surface | Cemt Bent PVC
T-1 = water supply

T-2 U

T3 =

No.1 - Bennet Suction

No.2 .. . .| Bennet Suction

No.3.. . -1 Bennet Suction 1934 6" 15’

No.4 - .. "1 Bennet Suction |pre-1934 10" 21’

No.5 i Bennet Suction 7-40 6" 15’

No.6. .

No.7 - -

No@8 . - -

No9. = Bennet Suction 1912 6’ 10’

No.10 Bennet Suction 1911 8” 15°

‘NO:11: Bennet Suction 1911 15’

No.12 Bennet Suction —
No.13: - Bennet Suction 1911 6" {8*X10’




. WellNo. - | Scréon |  Screen ‘Topof | Filter Pack| Topof | Topof Grout Surface Seal |  Blank
ol - | Langth | :Material - | Filter Pack | Material | Bent Seal| Grout | Material Material Material
S SR {depth) (depth) | (depth)
- 0| Bennet Suction

No.17. =~ | Bennet Suction

No.18 -

No.19 - - :]| Bennet Suction

N0.20 -
No.21

No.22
Layne #1A

Layne #1
Layne #2
Layne #3
Layne #4
Layne #6
Schoor #1
Schoor #2
Schoor #3
Schoor #4
DEP-1 10-82 HSA 2" 10 [20slot PVC PVC
DEP-2 monitoring 10-82 HSA 2" 12.3 [20slot PVC PVC
DEP-3.
DEP-4. i 10-82 HSA 2" 10 |20slot PVC PVC
DW-18 monitoring ? HSA 2" 10 PVC 12 sand 10 5| cemtbent cement PVC
DW-1D monitoring 10-88 2" 10 PVC 40 sand 38 5| cemtbent cement PVC
DW=28 i monitoring 10-88 2" 10 PVC 11.5 sand 10 4| cemtbent cement PVC
DW-38 monitoring 10-88 HSA 4~ 10 PVC 12 sand 10 5| cemtbent cement PVC
DW-3D . . monitoring 10-88 4" 10 PVC 42 sand 40 5| cemtbent cement PVC
DW-48 . monitoring 11-88 HSA 27 10 PVC 12.3 sand 10.3 4 cemt bent cement PVC
‘DW-4D: <. - monitoring 11-88 2 10 PVC 40 sand 37 4 cemt bent cement PVC
DW-68 monitoring 10-88 HSA 2" 10 PVC 11.8 sand 9.8 4| cemtbent cement PVC
OW-6D - monitoring 10-88 2" 10 PVC 35.7 sand 33.8 4| cemtbent cement pvC




- Well Screen Top of Filter Pack | Top of Top of Grout Surface Seal Blank
o Type ‘Material | Filter Pack | Material | Bent Seal | Grout Materiat Material Material
Sl i R {depth) {depth) | (depth)
- o monitoring PVC 12 sand 9 4.5 | cemtbent cement PVC
DOW-8D. - monitoring PVC 42 sand 40 4 | cemtbent cement PVC
DW-78 . - monitoring PVC 11.5 sand 8.8 4 | cemt bent cement PVC
DW-7D.- monitoring PVC 38 sand 35 4| cemtbent cement pvC
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WellNo. | -~ Comment

Also called "AD-* and "PA-*

Also called "AD-* and *PA-*

Also called "AD-* and *PA-"
Also called "AD-* and "PA-*

z|ojmimiojoja|> |

Also called *MI-~
Also called "MI-*
Also called * MI-*
Also called *Mi-*
Also called *MI-*
Also called "MI-"

WCC-1M
WCC-1D
WCC-2M - :: Also called WCC-2
WCC-3D .
WCC-38
WCC-3M -
WCC~4M - See note at bottom of table.
WCC-4D See note at bottom of table.
WCC-4S . '
WCC-5M
WCC-§8
WCC-6D
WCC-6S - -
WCC-6M .
WCC-7M-




Also called WCC-11VS

"WCC-16M: - | Well Depth reported for *WCC-15", assummed to be WCC-15M

WCC-158

WCC-15D

WCC-168 Also called WCC-16VS

WE=~1.. pumped 125-150 gals to develop

WE-2: - - pumped 125-150 gals to develop

WE-3 : pumped 125-150 gals to develop

WE-4 - .. pumped 125-150 gals to develop

T-1 Also called MI-T-1, M1-T1, or MI-T1

T2

T=3

No.1:

No.2 . i

No.3- - . i shut down 2/72, 6/73

No4 - . - shut down 12/1/70

Nob .. . shut down 2/72, 6/73

No.6

No.7 )

No.8

‘No9. ... shut down 2/72, 6/73, Also B-9

No.10 - - shut down 2/72, 6/73, Also B-10
TONOIY i s shut down 2/72, 6/73, Also B-11

No..jz o

No.13 . . shut down 2/72, 6/73, Also B-13




poss. also screened in Oid Bridge

poss. also screened in Old Bridge

Also called SE-1
Also called SE-2
Also called SE-3
Also called SE-4

Also called ST-1
Also called ST-2

Also called ST-4

developed by centrifugal pump for at least 2 hours

: developed by centrifugal pump for at least 2 hours

- developed by centrifugal pump for at least 2 hours
" developed by centrifugal pump for at least 2 hours .
. developed by centrifugal pump for at least 2 hours
develm by centrifugal pump for at least 2 hours

by centrifugal pump for at least 2 hours
developod by centrifugal pump for at least 2 hours
developed by centrifugal pump for at least 2 hours




. t

Well No.
DW—OS S deveioped By oentriggai bump for at least é-houfs.
‘OW-8D . developed by centritugal pump for at least 2 hours
DW-78 . . developed by centrifugal pump for at least 2 hours
OW-7D . . developed by centrifugal pump for at least 2 hours
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AVAILABLE WELL CONSTRUCTION INFORMATION -

NOTES: (1) Table contains information specifically presented in available documents.
(2) All etevations and depths are in feet. )
(3) A "Yes’ in the 'Selected’ column indicates that the well is listed in the table presented as Appendix A.9.
(4) Well Survey Coordinates were not available for any wells.
(5) Additional well depth and top of casing information received from NJDEP on 6-9-89 could not be incorporated into this Draft FS.
* = Reference includes well log. Log for WCC-4X (Wehran 1986) is identified as both WCC-4M and WCC-4D.
Professional judgement used to differentiate well log information for Wells WCC-4M and WCC-4D.
Logs for WE-1 and WE-2 given in Wehran 1986 are for test borings (grouted). Well construction logs given in Wehran 1983.
= Wehran 1986. Ground surface elevation is plus or minus two feet.
= Wehren 1989. Note: Total Well Depth = Depth of well below top of protective casing.
= Dames and Moore 1980. Well depths estimated from cross sections.
= Wehren 1983
= Ad-Tek 1975
= Data illegible or otherwise questionable
AD = Ad-Tek 1975
DMBO0 = Dames and Moore 1980
Con83 = Converse Consultants 1983
W83 = Wehran 1983
W86 = Wehran 1986
WB9 = Wehran 1989

woaQaoon
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APPENDIX A-6

WELL LOGS AND WELL RECORDS
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USEABLE WELL LIST

Well Total Depth Screen Depth Unit Detected Values
(feet) (feet)
A 51.5/50 NA OB YES
B 52/47.5 NA OB YES
D 52/49.0 NA OB YES
E 40 NA OB YES
F 58.0 NA OB YES
G 40.0 NA OB YES
H 36.0 NA OB YES
. 8§-1 30.0 NA OB YES
S-3 25.0 NA OB YES
WCC-1M YES
WCC-1D 101.25 91 - 101 OB YES
"WCC-2M 55.75 45/46 - 55/56 OB YES
WCC-3M : YES
WCC=3D 81/80.25 71 - 81 OB YES
WCC-4M(D) 80.16 47 - 57 OB YES
WCC-6S YES
WCC-6M YES
WCC-6D 80/80.5 65 - 75 OB YES
wWCCc-7M 55.1 45 - 55 OB YES
WCC-9M 55.5/56.5 45 - 55 OB YES
WCC-1158 YES
WCC-11M : YES
WCC-11D 71.5 55 - 65 OB YES
WCC-12M 56.5 45 - 55 OB YES
WCC-13M 56.5 44 - 54 0B YES
WCC~-15M 51.5 38 - 48 OB YES
WCC-16S - YES
NO.3 58 NA OB YES
NO.4 38+ NA OB YES
NO.5 54 NA OB YES
NO.10 61/71 NA OB/SA YES
NO.11 52/51.75 NA OB YES
NO.13 50/60.63/58 NA OB YES
NO.16 71.7 NA OB/SA YES
NO.19 74.0 NA OB/SA YES
L-4 70 NA 0B YES
M-2 YES
M-6 YES
DEP-1 YES
DEP-2 YES
DEP-4 YES
DW-1S YES
DW-1D YES
DW-2S YES
DW-3S YES
DW-3D YES
DW-4S YES
A-52



DW-4D- YES
DW-5S YES
DW-5D YES
DW-6S YES
DW-6D YES
DW-7S YES
DW-7D _ YES
NA not avallable

OB 01d Bridge Aquifer

SA South Amboy Fire Clay

Detected Values = one or more of the five constituents of
concern were detected in samples collected
from the well
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AD-TEK 1975
A-54

SOURCE




— N
_ j - k)
e L

1 BORING NO.. TG TRY T (SaS NG I GRILUD L.v-g
4-3-73 DOATC TECHNICAL TrSTING CO jCASIRG IHSTALLED 137-0
NA ELEVATION LJ«».\W«M;amwﬂiuw SQILI, SAMIPLING 2Z'-0
s
T _
CASING | £ & w SANMPLER DEPTH CF | CEZSCRIPTION OF STRATA
BLOWS/1'| & 1| = BLOWS/6" STRATA
o | < '
: %]
o 0'-0"
2 T 11 g
——
2. 2
3 3] B
7 0 q B
10 51 B
20 16 i
v —— pe
53 o 7 1 ] L
60 i 8 ! | .
64 5 B
59 10 | B
[§3/,“!}i ’-* L 11'-6" | Bottom of Installed Casing
2208 - =—— 1 |NOT RECORDED [ Brown ¥-C SAND, Trace GRAVE
T — 13'-6" | Trace SILT
o ! - o : )
; | Samcling Operation.
1 i — Terminated At 13'-8"
Iﬁ i | r E
. | ‘ -
~ - B

I

I;f—:, ‘ J within the Madisoa Tcwnsihlp
f Sewerage Authority Zasement

north east of Jernees MiLil

l
l

Roaé arnd rorth west o 0Old

water works Road.

Fr1vn1i

|

|

!

1

T

ENENEENEE N
@ I

—~

.. | TZCHNICAL TESTING INC



wﬁ

g N
- R T N N

Iy N W W R R N a.

2 SOiiNG NO.
~|.|-3-73 Dr‘\TC .
NA tLLVATION

.
.

. CASING TNSTALT
73-5%4/S0-

7[ Cl‘I\l /‘\l. 1{‘)T!

Ld\n\‘ (8= T e )

ATICON
919

T — ZORINGS 3Y
!

iChS:NC IN GROUND Li'=G6"
NG Co CASING INSTALLEDS La'-=-o*
ATt o v SO:L S "7'1.\0 2'-0"

F_i : 9
‘ O |
—- ] i
Wl :
e ’_J - - ;
i CASING E _ ~::| :‘_,J SAMPLER CeEPTH OF DESCRIPTION OF STRATA ;
lsLows/r =g = BLOWS/6™ STRATA !
' AV < :
' - W )
o Ol_on
- T '
3 1! 3
7 2 1 L E
~ ] l
s L3 - !
H
L0 P4 | ,
r N = ! .: - :
| 15 I3 | ;
[ 35 | & | C , |
S l
— — r—
: 17 ! Q9 |
30 i 9o o
L - Toe .
| ) e ] L
P73 o | , )
: 3757 3 7] — 11l'=-6" | 2ottem of -ns;a;xcc Cesing
| w9/ 0 - o e—— e L, mmomremm e T T e
! T3 0L {NCT RECORDED Ligit 3rown :-“ SAND, Trec:
PR ' — 13'-6" | GRAVZL, Trace SILT
| e 1/ - v bk ‘e e e
i N ‘ r—- A
! i - . .
f : . — — Szmpiing Cperation :
? i - Terminatzed At 13'-8" '
: - '
- ' - - f
| : P -
— ; T ;
! : ‘;_1 L Lccezizsn
‘ i H [ R M e : ~ -l
‘ e Withln the Madison Tcwnshio
| - . : —
' ‘ L — Sewerace Authority Zasement,
l ! ; acoreoximately three Zfeec
; | . F: rnorta east oI the m_“hole Gt

-

: . o e 4
] ' '
e B L. A GRS —

. H \

| , i

RIS SUURY PR

-

L

U U S SR P
1

| I

T

[

DR

>
]

w

[=))

n ol
and

the intersecti
Cheesecuaxke Rd.
: WOoTKks Rcad.,

C——

——

R



L ’IIF

' T

L

N ar s W .., .

I Y T T rT T

—

CCASING INGTALL ;

73-54/50-939 s

3 BORING NO. TTEGMINGS BY iCASING IN GROUND -5 A,j
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ADTIK INGINEZIZRING, IXC.

P.0. 30x 112, Norta 3Sranch, N.J.

SUSSURTACZ EIX2LORATICANS

’roject: ty. of Perth AmZoy
ick

Ci
PricketTs >rocx Watershed-Observation Wells

-

ring No: Well A Casin
te: 11/7/7% Wt. 3
-ments: Instailed 3" I.D.
'PVC Sched. Q0 Plastic Saroler Hearmer
?ioe to 50.0° IT. 1:0% rall 3g¢"
J I.D. L"
» 0.D. 2"

o)

2 s
Ce 00% rall 24"
Co

O
' 1
1}
n
wn
ll
vy
.l
0O
fu
cl
'l
¢}
8 |
(o]
Ly
n.‘
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m
3
.l
s
._J
w

™ - Ay
~8SCT - <Ch

-
wn
0l
L}
f
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fu
0
]
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3
]
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w
N
14
]
~

- £.3-0.5 Tark grey Y-T sand; Tr. = Tr. rcots
' 0.3-3.0 Tt. grey M-F sand; Tr. silt; Tr. Veg.
- 3.0-8.0 Voz+led yellcw, Recd-drn T-M-T sand; some
C-Y=-7 Quarstzize grevel; Tr. silt
X ¢.C-25.0 Yell-3rn., C-Y-r sand; Tr. siizt
13.0-25.0 Vell-3»n. C=-M=r sancd; Tr. silzt
23.0-29.0 Lize gre/(streaks of Yell) silt;
Lit=le clay; Tr. T sand & clay occurs in

laminations
Grey clayey-silt-par:;ngs

Grey C-M-F sand; Tr. silt

4]
2}
f
o]
n

{
£ w

W N
) 47 W0
OO0
[}
0o F
OO0

.0-50. Grey (streaks of Yell) C~-M-T sand
Little silt; Tr. clay; Tr.iignize

Botton of 3orin
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o
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USSURTACT ZX2LCRATICNS

roject: Ci
2r
Soring No: Well 3
Cate: 11/11/7%
Comrents:

Plas=tic

Installed 3"
Perf'd PVC Scred.
Fipe

Ty of Perth Amdoy
ickeTTs 2rook Watershed-Cbservezion Wells

Cesing Earmmer
Wt. 3C0# rall 24"

I.Dl
40 Semd
to 47.535! w

D)

- Fin
- Mediunm
Course

0
[}

Crharnges (£3)

J
€
o
C

And 38-30%

Scre 20-35%

Lit<Tle 21(0-2C%
0-10%

—escri

°X. grey M-T sand;.Tr.silt; Tr
-X. yell=-3vn. N-T send; Tr. si
Crey C=M=F sand; Tr. sils
encountered grd. water 3 3

Crey C-X-T sand; Tr. silt; Tr.
Grey.C-h-F sand; To. silt; lote
running send & 17.0'-20.0' sro-
cleaning cut casing-larred Mwas
Grey C-M-T senc; Tr. silt; _aye

te grey C-Y-F sand; Tr.
rtings grey clay

te grey C=-X-T sand; Tr. silt
ottom of Soring
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Sroject:

Zoring No: D .  Caging ¥
Zete:
Comrents:

el

‘“"‘T'( mrra s imm s T A -~
Nt el —e v it a Ny —.‘.‘c.
5 “

2.0. Zox 112, Norzn

SU3SUXTACE IX2_CRATICNS

o -

ty of Perth Amboy
c

.
-+
-
.
bal
-

1l

ketts 3rook Watershed-Observation Walls

~nZ Hammer
11/22/74 Wt. 3C0% ca
Installed 3" I.D.
PVC Sched. 40 Plastie Samdlar Yarrmen
Pize to 49.0! Wwt. 1+0# Trall 30"
: Casing I.D. 4
Sampier 0.D., 2©

1 o25m

(=]

Fire Ané 35-50%

Mediun Scre 20-33%

Ccurse Little 10-20%
Trace 0-10%

20.0-31.0
3..0-38.9
33.0-50.0
2J.0-%5.0

1
(8])
N
o

[& N & ]

o f
N O

“range & yell. C-M-T sand; Lit=ie
Trace T gravel |

Yell, grey & crange C-M-T sand; Ir.
Gra2y % Crarnge-3rn M-T se&nl; Lizttle ¢
Crey M-F sand; Litzle clzyey-silzt; 7
YotTtled yellow & grey M-T sand; Lies
Silt; trace lignite; trace mica Tlax
Grey & yellow C-4-T sand; Trace siis
Sotton of Boring
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2.9. Zox 2, Norza sranch, N.J.

Project: Clty oI Pe:
Prickesss

" e
o n.-Dj

Soring No: 3 - Cesin
Date: 1li/22 /7% wWT. 3
Comments: <Installed 3" I.D.
ZYC Sched. 330 Plastic Sazmdlar Ham=an
2ipe to uQ! WT. 1<C% 7ZTalli 30"

Sexpler C.2. 2"

- Fine &nd 33-30%

Y. - ¥ecdiunm ' Some 23-33%

C - Course Little 10-2C%
_race 0-10%

wm
ct
g
(1]
ol
H
(@]
-
fu
13
q
[11)
(7]
~
"y
of
g
)
M
(1}
0
'3
'l
(@)
rl
ll
(o]
|

k -' -’

-\ —'-

taxen
~C.C-20.¢C Cr-:ge 6 yellcw C=M=7F gznd; Liztzle C-v--
Quertzite gravel; trace sil+t
g..-20.0 Crey 5 Yellcw M-T sancd; Lizt=le clayey-silz
0.3-32.0 GCrey, Yell, Crng.¥-T sand;, Tr. siizt
1.3-31.3 Leyer lite grey silt end clay; Tr. T sand
g.gtaa.o lesume grey, yell,'ora:ge M=7 sand; To.sil

2ottom of boring
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Project:

No:

3orin
Daxe:
Comments:

.{- - - >

J)

L
1549

O

Installed 3¢

ADTZK INGINZZRILG, IXNC.
P.0. Box 112, North 3ranch, N.J.

City of Perth Amboy
Pricketts 3rooxk Watershed-0bservetion Well

F Cesirg Hemmer
11/1%/74 wWt. 3CCF ralil 24"

I.Dl

PVC Sched. LJ Plastic Semaler Hammer
Pipe to 58.0° Wit. 1s0% Fell 30"
Cesing I.D. u"
Sempler 0.D. 2"
Classificaetion o Ma<zerials

And 33-330%
Sore 22-35%
Little 1C-20%
Trace G$-.0%

Stretz Cranges <.) Cescrintion
0.9-3.€C i" cracked stcne, cincers, sand (ZJill
2.0-10.3 Yellcw-3rn M-I sanc; Trace zilt

‘ 20.0-15.C Vell-(tr ornage) Y-7 sand; Tr silt;

‘ To T Juaertzite gravel

| ~S.C-ic.¢C Yellow C-M-F sancd; Tr silit

‘l 28.0-28.5 Yot=lad orgn, vell, red M-T sand; To
23.C-%35.3 Crange-3rn C-¥-7 sand; Tr silt

" L0.G0-s2.2 _ite yellow (3Tr. red) C-M¥-T send; =r.

ll 4 0-3:3.C Grey M-I sand; Little Clayey-silt Tr.

| ] i 2-8X.C Crey & yell M-I sand; Trace clayey-si
1.0 tottom of 3oring

TR E-E =
+
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Aammmy oacmmemmD A
ADTZK ZHGINZZIRING
-
poo)

?.0. Box 112, North

SUSSURTACZ =ZX2LORAT-CN

“roject: City of Perth Ambdoy
Pricketts 3rook Watershed-Observetion “Wells
: /

Boring: G

Casing =Zammer

Date: 11/35/7% st T, fall

Comments: Instaellec 3" I.D.
2VC Sched. &0 plastic Sempler Hamme

2ipe tTo 40.0'

We. 140
Casing I.D.
Semzler 0.2,

P-4
Py

<
)

W
L}
'J
fu
'_l
n

Clessification o

ol

r - Tirne Anc 33-2C2%
M - Meiiun Scre 25=33%
C - Ccurse Little 10-20%

Trece 0-.2%

TescrinzTion

No samples texen C-10!

10.0-20.¢ Grey Y-T send; Trece silz
20.0-51.3 Crange & yellcw C-¥-T Send; 7
1.8-52.C VYellcw & red clayey-silzt,; Tr
2.0 3otTom of toring
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Project:

(@ IO |
i

ADTZIX ZINGINZIZRING,

INC.

P.0. Box 112, Yorth 3ranch, N.J.
SUSSURTACT EX2LCRATICNS
Clgy oI Perth Anboy _
ricketts 3Brook Watershed- O:serva ion Well
2: H Cas;ng-Haﬁmer
11/18/74 3C07 Zell 2+

Descrinticn

W Chr e
.
[ @ Iy &F

No samples

Yellow C-M-T sand;
gravel

Yellow C-M-T sand;
"pockets"); trace

Scttea cf doring

A-65

ine And 35-80%
eciv Some 20-35%
Course Little 10-2
Trace C-10%

teken 0-10!
Crey & Yelicw C-M-T

Sanc,
~— EIEEN
0 ST
Mo TN -

v3J

.ents: Instelled 3" I.D. '
2VC Sched. 40 plastic Sempler Hamrer
pipe to 26.0! 14C# Wt. Trall 30"
Casing I.D. 4"
Sampler 0.D. 2"
Classificaticn ¢f Materizls
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Zxisting- size 6", cdeztnh 38', s.s.screen 13!

0-10 Yeliow to light sand -nsTalled 1¢34
10-23 Yellow to light greay saand Zedleced 1¢33
23-29 clay . —nstalled sutmersidle
29-30 Hard pan SUTD TO sewer - 3/73

30- 58'iC" Coarse gray water sand State order shut-dcwns
: : 2/72, 8/73

Zxisting- size 6", depth S54', s.s.screen 15'

C-20 VYellow to 1: nd _nstelled 7/16/40
10-23 Yellow to 1li ay sand Resleced 4/26/63

23-2S clay . Saut-cdcwns- 2/72, 6/73

26-30 =Eexrd pand :

3C- 3" 10" coarse gray wéter sand e==y

53'-'?"- cla i

o (N

'.l ’J
o 24
ct rl

Zxisting- size 6", cdeptna 37', s.s.sczeen 10!

C-10 1ight y ow se&nd Instelled 1912
1-23 1igat grey seand Resleced- 7/40,6/%8,21/53
23-30 clay with small porsion gravel Ihut-cawns- 2/72 5/73
30- 57' 10" grey water sand

Zxisting- size 8", depth 61', s.s.screen 15

w -l ﬁ

:

0 -1C 3rown sand arnd gravel ' Instelled 1911

10-%2 Lt. Bra. sand streaks white cleylep.eced 7/26,1957,18€3
$2-57 white - yellow clay Shut-cowns-2/72,56/73
L7-865 TFine to coarse lt. brown sand

p -

3-71 ‘Waite sandy clay

Txisting- size 6", cdepzth 52', s.s.screen 15!

-13 Dirzy yellow sard _nstelled 1511
13-15 Gray .send Xepleced 1652, 1983
i3-19 grey clay S~ut-ccwns 2/72, 6/73
16=27 3rcwn sand - gravel WJeter Sample 1/1/82
27-4C grey seand 7o03t.S0l. 188 .
L3-41 grey cie CCi=exrc. 3.5
52-56 3>3rown sand on-CC03 22.5
4= S1' 8" gray clay Tot.Zard. 38.3
\,C. ..C Cc 26-0
Chiorice 5.0
A-66 A1x.M.0. .3
“ree Cerdb.Acl G(\,uz) £¢.3
Te 1.7
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PIXTHA AM30Y SUCTICN WZLLS

size 8", depth 30'?, s.s.screen 8"xl1Q'

“
(o]
.J
w)
M
x
}J
o
t
’,l
o]
0q
1

Topsoil & sand Installec 1511

L0g: 0-%6 _
g-11 sand : Srhut-cown 2/72, 8/73
11-18 sand, clay & gravel

18-21 sand, wocd & clay

21-28 sand

26-28 sand & cley Dballs

5 sand pyrite & clay

35-43 coarse san

40-30 coerse sand & clay bells
50-34% 3Srn. sand & clay balls
54t-58 mucddy sand & clay

N
[e0])
(0% )
(4]

" No. = Ixisting- size 10", cepth 38'+ Installed prior tTo 193k

| § screen L=21" Replacec- ¢35, 1840

' . NO LCG 12/1/70- Filled with iron

o ' & fisrous wnite jelly.Sounced
' To 38'-6" & shut down.

- SN i ',
" v

o A e

L]
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Ixisting- size 6", depth 58', s.s.screen

A¥30Y SUCTICN

Id Tt

-
WILLS

D'
Log 0-10 Yellow to light sand installad 1934
10-23 Yellow to light gray sand Xepieced 1953
23-29 clay Installed sudbrersible
l 29~-30 Hard pan SUmD TO sewer - 3/73.
30- 58'10" Coarse gray water sand State orcder shut-dcwns
l : 2/72, 6/73
= No_ $ Zxisting- size 6", depth S4', s.s.screen 15!
' Log: ' 0-10 VYellow to light sand -nstelled 7/186/%0
, 10-23 Yeilow to light gray sand Replaced 4/26/63
' 23=-2S8 clay Shut-dcwns- 2/72, 6/73
n 28-30 Eerd pand . .
30- S38' 10" coarse gray water sand e==y
' STu"- elay
' No. § Zxisting- size 68", depth §7', s.s.sczeen 19!
Loz? C-10 light yellow sand -nstelied 1912
l 10-23 1igat gray sand Repleced- 7/40,6/48,11/53
\ 23-30 clay with small portion gravel Shut-dawns- 2/72 5/73
30- 357' 13" gray water sand '
I 37' 10" - cleay
. No. 10 Zxisting- size 8", depth 61', s.s.screen 15°'
Log: 0 -10 Srown sand and gravel -nstalled 1911
: i 10-52 Lt. Brn. sand streaks white clay Replaced 7/26,1957,1963
l\ 42-Lt7 white - yellow clay Shut-cowns-2/72, 5/73
, L7-65 TFine to coarse lt. brown sand
i €3-71 White sandy clay
No. 11 Zxisting- size 6", cepth 52', s.s.screen 15!
l Log: 0-13 Dirty yellow sand -nstelled 1911
‘ 13-15 Gray send Xepleced 1852, 1983
) 15-19 gray clay Shut-ccwns 2/72 6/73
'_ -27 3rewn sand - gravel Weter Sc“ole ~/1/53
‘ 27-40 grey send Tot.Sol. 186 2
L0-%1 gray clay ClzEerc. 5.5
. ‘ t1-4%6 3rown sand Non-C03 32.5
Lo- 51" g" gray clay Jot.Zard. 23.2
Cea Herc. 2¢.¢
" A-68 Chlorice 5.0
Alx.M.0. $.3
Tree Cerb.Acld(C0,) 6¢.3
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! ERAN ENGRERNG TEST BORING LOG
(Loaiug)
l COBULIG BGIEBS BORING NO. W -1
, !;~ PROJVECT : - o= - - Sia o p SHEET NO. | oF ~
: CLIENT : - o~ S==', ~a_ JOBNO.G-’.&g:‘."L\‘
‘ BORING CONTRACTOR : 2TV SICR CRicg! &) ELEVATION J5 Lo
- GROUND WATER CAS T samp DATE STARTED = - c=
' DAT TIME | WATER EL. SCREEN TYPE Doyl so DATE FINISHED 2 '-. &=
f I DIA. & RILLER ~ ¢ ety
| ; WT. Npt INSPECTOR .. v _~=--_
r | FALL Qmytt
. WELL . SAMPLE '
o mw CLASSIFICATION REMARKS
lr CONSTRUCTION &:L-a Lvn }';?,,'g,g‘ T
’ T = e % dar Crowsm *Dlace Fan-c SR Ll
! . - . Bl
\\_ I ! T Lﬁo = S - Ard Com.§ C\ﬂl\lsb. e\ - [}
1 i '<':s ® e \‘t
j i & ce L -y - ’C‘“H ajas
i - ¢ | < . AR, vlatk ¢+ kanm G n, SANG, [1La2T
! j | ‘}T o e Sl *racet Clay
s b Felsalss S-S CRAND, Ve siw, |22
[ bl P
- SR Thze Clag
} : s-y {SS 'lJ‘T‘Q— <o o ofanae m-f-c sawy, |2
> ., Ga] 257 o m Svanar |, tvele
- [ BRI P ST dreces C law
TIPS _7’:;' Cranag Q-m SRAVELC,
T ’ LYo h:‘“. E-Ra.Y R Crm™m.$ SM&_, e~
. < v B2
l ! E ', [ [eflss -i-L:L un mL SAND, *+race S\t
L 2 elstles [ oo 2 - '
| I as-2 f
" I U SEle- | aoag
- | 2=0
o S L] O
L (haa
= 2 i Ly =i
: S-Chs [draa . s ',
-~ | - x o X - < >
' : ‘ | s.é 2., - e‘mA\f\e‘\. ‘3 ; ™ - "JL'
= W Logt eSS i o fracet Si\e Sois.s
- y " el f
< L b T 1} .
‘ ko [ leasles fameag sccassiemal blaek , a‘rtq‘ .
l & i - if “Yellow otans @, onch Lo
7 ) A
- lg || Eelss [le-m Feddien orance srainiie 2.0
I x> | :
Wy L |0lss [ia- ¢ 2.0 |
v i e 1
- L selS-€ss (29 2.6 |
) LI\ i
= i M- 22 | o
\ i | Sid2c (b -ipely Y 2
[ doal i
i L Tales [ bl
; i o elal X 3 -.A: PH ,
I ! s :-.h.-zs-ihh Sl
| o=, :
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WERAN ENGNERING TEST BORING LOG
\JJ;'—-!.
COMUNG BGHED BORING NO. wz-.
PROJVECT : SN\ B SHEET NO. | oFf \
CLIENT : cFS ¢ 4 4 YAV JQ! NO. Q="‘l""5 (]
BORING CONTRACTOR : \LE DAL LA NG ELEVATION 25~ uc{
GROUND WATER CAS. | SAMP_ | CORE TTUBE [OATE STARTED < olex_
DATE | Ti WATER €L . SCREEN ~ue | 2 DATE FINISKE
DIA, e DRILLER ™. &\mu
wT. | INSPECTOR . WLOTZSC R
FALL ' 2"
wELL . SAMPLE
: A FICATION R
CONSTRUCTON (S| na. [rvee [s50ws »en CLASSiFIcATIO EMARKS
kO .
v — ,'5: | L wel. we-1 CRILLED
3'03 S VMM ED I ATTLY ALY eI
S"J: 9| T BoR NG WE- . PLERLE
€ u9 U ope | | SE€ Loe moR LORING
$he = 1 WE-' ®OA OESTAILED
; E X SOIw CLASS I & ICAT \ONS. -
1 f
| 3 g
1 10
w |¢| et
. - s '
- f [
‘JF C,L J |
333 ! [
2=
>
) 2g.2"
L ENT o for s
v [
ex &V q
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we- AN poe]
-y !
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S
- 30
o0
u
b
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WERAN ENGINERING TEST BORING, LOG

COBUNG NGIEBS BORING NO. (ui=-2
[ PROJECT : Shai € R SHEET NO. | OF =
CLIENT : o Ce by @A

JOB NO. caac o217 ‘

,__,__..

BORING CONTRACTOR : (&N DR\ \ N ELEVATION 2w =,
GROUND WATER CAS_ T SAMP T CORE | TUBE |DATE STARTED 2 fu e
[OATE TTiug TWATER €L T SCREEN JTYPE [wup | << DATE FINISHED < 'z o=
A, & RI ML)
wT. <40l INSPECTOR ' .ic o7 Cl
PALL } .
wELL N SAMPLE ‘
CONSTRUCTION :*_“"nl.}?:‘,: CLASSIFICATION REMARKS
- °
- darw DfownLn Blag% Qem-.c
| LSS s Sl Y SRR £ (Y " ";-"QOC\&H“Qre.gi
P $s el Q-M Glm"\
[ T daek Brownith kKlack €-m-<
ad A ss ‘80. =1 &ANO, Vi Tma Sivrelloy
[ cay | *an @-m SAND drucet Sivry
[ Ss [21-a0] brown sStaining ar-e’
! L] - Arading %o \ignx orown
4. E—J&. ,b-e - - |°I°'
| s~ |n- dan S\WTEOLAY, Livret ¢
| [aep 1SS 14— KSend '
_ e Areqish *an G-m SANUL,
S=2 £ jia- +euce® S 4
. "' <22 | teun S-m SAND, Lixdle Sk
'5 [ <€ISS l2a. = Stadine ¥ ety o
g | |s4 | :— L RJonish arey SILT, someClay
7 | {Af]oS due = Aty P SAND, +racer I
- - .
'”# €L [Zi-n %’:L L-m SN, tovme ™ SiIY
v { =i _§ ~acradine ‘o medivm Liown
c L feulse Liw- :
- =<1 | Yon Yo qray f-m Sawng,
¢ | leples [setooid Ve SivveClay
5 os ~P- Qrey f-w SAND ,*raca?
W [ |&81Ss - S
g .
b
] b
- 3
&' oot - dar Blown solack j-m
I b Sy £33 \€ - SAND, \itriea™ Si\+
N J
0 |
p . . c°ﬂ\ Nb ‘.\*“.
b.t oy hsh* %N{.\ sﬁ t
[ SIS]S5 [ua. Siv
b - e
7 - - %Mi‘\.\.s 4o Scrmae” U s
b E-.~ < - .\‘°'$‘ .
{ oi - A~z Qte Very & SANO, \iig
! Si\v
f “]
a8 T \“&h* “f“ C.M S&NQ,\\*‘\“G
P P0SS Bacas g S \* A-73
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WERAN ENGINEERING TEST BORING LOG
CONRLING NGRS (Ro& N6\
P BORING NO. WS —-a
o= UGS CUEMIC AL SHEET NO. & OF 2
CLIENT icom  Aumcha r g\ JOB NO.CX 3 e ll 1™
veLL I,sl SAMPLE
CLASSIFIC
CONSTRUCTON [ wa |rvoe s0weru ATion REMARKS
I” { 2=2
3 n S -
) = areyigh +an w.8-c SANG]
~ ' 5-61455 ) traccet Sy -
é b R |ee ; :: ATeY ¢van L T+CLAY o
d p * — L ‘_1 ﬁ:l |
y -o ""T\'; varey ™mL SAMD, drace
e |
: p
0 !
" -
3 [ g e Ay vran m-f SAND,litHe
o 3 = Sﬁ\ﬁ'ﬁt:\egq
] p .
W o8
< ko] P e s ey S-m SAMD,
8 ! Trace Sil4
'Nk S Qray +o0 *aw m-c -t ShuG
9 i @r
(R el cranae Stamn' ey
3
"' el-‘-S -4 - Creaw, red .alhe‘l qd‘o«)
K ¥ s*&‘n\\. ﬂs. \
L

ivvf-zqvvf-vv'ftvv

ENQ  oF &on\ng
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WEB-RAN BNGNEERNG TEST BORINEwI.eﬁ 3
COGILING BNGINEERS BQR|NG NO. wWS-2
PROVECT : | SHEET NO. | OF |
CLIENT tcCe ¢ w it (it oticao= ]

SORING CONTRACTOR :

S

TX \ et . ELEVATION 2w.™0 1
SROUND WATER —-SAMP | CORE TTUBE JOATE STARTED = (- oie~
OATE | TiME L WATER gL | R L TYPE | D | Se DATE FINISHED o /<«
. DlA, - MR =)
wT. (ol INSPECTOR | . \ OV &0
FALL ’ M

|

AMP
WELL a 3 LE
no. frvet [0G Cacas
PO

- CLASSIFICATION

11
] L
2 gl
z 9 |
£ wi
¢« e
Tav st
c b

y | S

s 5]

3| 37
AHH:
YR
:'UJ § " ]
qq: ' 3 .
.;" ‘- y
3‘.&) = vr

]

Wil wE-L ORILLED

IMMEDIATELY ADUACENT

TO GoriING WEe-3.

PLERs® s&E= o6 moa

BORINLE WE-)

FOR

CETRI\LED SoiL CALASS-

NFLlCaToNS,

END OoF
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WERAN ENGNERING TEST BORING LOG
CONBUING ENGINGERS BORING NO. u, -2
PROVECT : ~ = SHEET NO. | OF
CLIENT : » o) 1C L JOB NQ 03 2L 221
BORING CONTRACTOR : = et 20 (X ELEVATION 4.\
GROUND WAT ] SAMP T CORE TTURE JOATE STARTED =1z lgs
[DATE | TIME | WATER EL. T SCREEN | U LS DATE FINISHED &ladisy |
A, * R M. RN AN
L AR Jws| MPECTM\.!'—OTLﬁLH '
FALL ‘ -
SAMPLE :
WELL ==
CLASSIFICATION REMARKS
CONSTRUCTION E&"' na. [ryeg [SLOWS SER L
°
?’, 1 T} = Vight Lfrown 4o *an Son SAND,
’ A O = =B EU EL YT \:Eﬂe. Sl Klay
- -2y
ly 2 P
2 O 1 lsalss [29-3¢ welow'sh srana e mA SAND,
d N
vl $ v | 2 race i\t eclay
e - S -1C ML : :
522 g | o) Vart qrey & SAUD, livhie
w g | [=ulss Jas-up ) St +eace Clay
9. -
5 ,..T';; SS j83-60
O | T eelss [oa2g
;-: - = | -l 2" welowisgw g*g\n‘u\% ar
se |8 &1 lenles [ Vs , ‘
ng J ™ s, - sefadineg © arfeenish
TR RN S 1E e B
gon J 1€ reon Yo Qrey m-F SAND,
:z - -t *m“. $l\+
. i o= 4 St +race Qlay.
. ] -
: dde I
.:. e ' PN ‘ ii'l. ':.g




WERAN ENGNERING TEST BORING LOG
COBUNG PGIGRS BORING NO. we-w
PROVECT : ~cc CmEMICAL SHEET NO. |
CLIENT i Cor. Cu=tu, Ca3ons\™
BORING GONTRM:YE: tunaEg\s,5 CRILE NG — !LtVATIon '~ G
GROUND WATER  SAMP | | TURE [OAT BT
DATE TTIME | WATER EL. o = DAT nm HED & i &
. . : ‘ N
wT. luc e INSPECTOR | . |\ S\ S<cu |
PALL nAa"
wELL - SAMPLE
CONSTRUCTION 5‘“""['.‘?.‘.2'3 CLASSIPICATION REMARKS
:° == mediunm Drown & SAND, ¥
Jt ' {zs fu-1g RsieeClayg
S - T Qfading ‘o ™edive acey g\
gd" '3 [ |2 ss [acre bs“'-\u S e
gu’; S |, 3 A= § \iqune Arey ¥ -8 SAND, | ~He~
sk ul =S -2 ! \q--»c.\g.,
wu 1l \ e ! -
2 | Mlss|ie-
8 z=in ] Vignt qrey Mm-S SRND drace
: 3 Lo Siss|.-» sm-’c.uuﬂ
w "’ e e i=lf - dan LBlack s&o.m\ﬂs
- -l
E < ; : Imai *-&V\ Seem S“MQ, rral .
5FJ ;))- w | TISs [~ - S \**C.\Qq
X" & el =N ~Qradina o TREN &N e ng
@55 x| Y [*E s el G TR -
awv| = -
l l I % S'S Yol ) .
2K - R N f-m SRND ‘raced
s b “T‘O S i . Sh\+eQray
:." .’ '.';.._' U3 ™)
M e vy \ien+ acey S-m SKHND, seacd
LLe. - - is | & Sild+ «CQlay
2 it Leslla 156 L Ve nt atem fonn SKND, Litte
, ! : Sive -ccc, o lacie srauning
b “‘ ]
v S | ENO om garing O°
32 2 }
VOO I
3
b
38
3
b
4
b.w
b
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WERAN ENGNERING TEST BORING LOG
COMUING PGIEBS BORING NO. -
PROVECT - 4N

SHEEY NO_ | _oOF

CLIENT : » ¢ -l

_——L—L—m‘&
SORING CONTRACTOR 1 , NG
GAQUND WATER CAY. | SAMP | CORE [ TUBE |

[+ F i P Y-N -1}

ELEVATION &3.9y

_“-—_—__\
DATE STARTED Lliuiga
[¢]

OATE | TIME [ WATER Ei. | SCREEN | E.SVI . X ATE FINISHED 4|
A, " : } R N
LA# 1ua INSPECTOR |. AT
FALL ' .
weLL | sampLE |
CONSTRUCTION EL""’!'.L?;'... CLASSIFICATION A REMARKS
[ ° == - ) =K}
L B-2 ALk Com-8& SAND, e mab-cC
I S Cfael \irries Siv e Clay h:l,hﬂ
| 2. Melswish +an Yo grey m-d
o =al3S [n-gc fGraveL, somes Samm Sand) 2.0
E [ < sas ftrace - Gi\$ Qe .
< 24 . Stana s #-m QRAVEL, Som e 3
.3 : = .f C-m-T Seumd, +rece .‘hvdcw'l—
b oles ~ T AT™AIineg ¥ me{-c LARAY o
9 b < e ts zomc..' ;.:?.G- sw,hacssﬂ*‘b"#
t 10 \ay . -
if- S = [1a-2a NeWow'iah qray S S4AND . 2.3
2 » - =% ey ® saNg \ivkie SiVe)
3 L ]S | e-g 25&@ : we' td.e |
s | ce = darw aren CuLav, livtle SilP .
W pig (22 L2 § - arading +o dack arem ‘
4‘9 L |$2 s (& CLAhM &S\ LT el s
S . o -l qg\\owls;\‘:‘\nc F-m SAWVG
o [ eSS L »,“”‘" LT Tian R0ty yhg
I i " lighe Q ceyish “an LN,
! 3 M Livbieg S\ ralyg |
' -1 - Lalre o cey &-m SHUG, Trace
i <g]SS [=)-uyl sie «c 9.4
l [ - -atading C-m SANT,
' i ss [ia- “race” Site . a
; . POy =) o 43l Ve grey, tiack and +an 243
I £ SAND, lLithle™ Sinw™ 2= |
[ E€Nd om towiNg
D“F
b
b
b
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WEHRAN BNGNERING ~ |TEST BORING LOG

COMUNG PGIERS __|BORING NO. e-:
PROJECT : ccc, Cu @ iicim SHEET NO. | OF ¢
CLIENT : ree =ty 2 VNI Y JOB NO 022628 1)

BORING CONTRACTOR: ' c

%g\u & ELEVATION &4 v -
SROUND WATER SAMP | CORE TUBE (DAT ARY - Tes
[OATE [TME [WATRR L. | SCAEEN m;\*ﬁ’-"‘—"-:u A

53 ATE PlNlSH;% 5 &2
DiA. - R [ [y

"

wT. ‘N INSPECTOR L AW-R e R A
FALL X
SAMPLE
WELL ==
c kt"""q.}?:c'mzl CLASSIFICATION REMARKS
I o Ny Mediom +o Aot LLOWNn MG
[ PolSS Lie-it ¥ saup and comad SRAVEL,
b ‘ \ivdrig = S ldear Clavy
! O LB L ligne Trown +a *ay
N ;“'c sﬂNb‘ Vet SitewClay
! - Vol eem ol @ anvEL, some
| 2 es Lo ™8 Savd, \ivre & \‘rloa\,
! e mediWmw oW L Claek m.s
| 2SS locio | sanp, \imeig s, ‘e Qlay
! P - artean. \
.n 5 es [ % niewn S*‘Qn\lns
kE [ R = ] olive graen &om sANg,
3 | LS 4SS [io=13 ] VitHe ™ s‘.\ﬁ..._c,\ggt
| PLA cte cal\ ®
g b 1e b |S= iz S'&c&gﬁ‘ nal velew s
I 75 =1 I“'M LR eS\LT 0 SILTaCLAY
w s Al :."" Ve dQniih s ey mE 0O
r s = ' yor .‘ - ™ ‘
£ [ & s — SPNY, virrle S e llay
E P.“‘l < — :
‘o |ES - —QL-{
E " ,__f' Yo QPN+ SICT 40 SILTCLAY
p I - . .
5 e =S Viawne arey &-m SAND, 2ot
' i ISs .
- faad
L } |
< . y
‘; ! - Vars areu  *an, and Tlack
J :n 2| - 8- SANE, \*re s;\#gC\&\'
p
: Qrey L-m SAND, +racet
S |SS SiW
.
lign+ arex  van, Sncl Black
N ! n |ss 200l 20, < AND0, ViTHe Si{\++Clay,
O '
X ENQ o= Roring
as
b | A'79




WERAN ENGRERNG TEST BORING LOG
CONUNG BGIEES BORING NO. ¢-<
PROJECT : 0 " SHEET NO. | 1
CLIENT ' ccg Cr@m, 7 JOB NO. 03262219
BORING CONT ' | - | = _— lk:VAﬂgﬂ ,23,5\ ]
ROUND WA mm%
DATE [WATER gL < ATE FINISHED 2| \w
L OIA. 2" .
} wT. 1ol INSPECTOR KNgTasc i
] rALL 2" |
N SAMPLE '
WELL o lm,.,“h CLASSIFICATION REMARKS
CONSTRUCTION ne. [rvee (S SN
>° ry "sm'g CEMENT " FAOM B8.0-
 ie]sS T ..“ ju-k vrown +vlack P-mo
s SMD‘ livH e .SOH’\*’NC".C\Q.Y
i ™medivm QATey Sem $ AND,
d o oo \irfe S\ | rrace Clay .
& [ 2se s ] 0T ek 40 van et SAn|
. g Vel Siiv eCla '
= | ]
4
< i :
. '“ -~
2z frenn arey Sens ZrRide
w g ! . el | -y
c i 3 S& N .“?*\‘- S\ \** C\~“'
S | |
g ;" P ooy - -%mdin% o - X wl oranae
@ L H & 1N - &Ad '\'QV\ Q.*a.n‘n%
[] b
5 !
lg :nx neeer] VoNY Grey £-~ L TSI Y
,j [ LSS beece Sk 4race Qlay
v
- —JVant qrew £ow SANOG zomd
L . 19«2 . . \
6 |sS [uuseg S/ rle Clay 23.0'
{ END OR wWOwING
3
b
€0
o
s
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Converse Consultants, Inc

TEST BORING LOG

BORING NO. 3.

T

| ~LIENT Madison/CPS Induystries
BORIMNG CONTRACTOR ‘km

{ PROJECT Prickert's Pond Sampling, 0ld Bridge, New Jersey
CLIENT

SHT.NO. 1 OF |

PROJ. NO.81-07188-0

ELEVATION '

GROUND WATER CAS. | SAMP. | cORe [ TuBE |[paTum
DATE TIME | OEPTH | CASING [ TYPE | p 1. SHELBY|OATE START 03/08/84
DIA. 4" 3" [OATEFINISH 03/08/84
wT. "} 1404 140¢ [ORILLERR, Danielson
FALL | 24" | 24'= | cwoo Rep. KJL
B8LOWS
Eo f8)dg | o B IDENTIFI
ar a9 32 TUsE |3 DENTIFICATION REMARKS
2 le®| @ |eeraz~ [@ 2,0' Water
A. Black Organic Silt, very soft
1 B. do
) C. Black Sand w/ layers Organie Silt pH=6.5, pond water
ey
Tube: 0-4.0'
- "
S-1. D. Black Peat & Organic Silt poc-m24
3
4 / . :
A. Blac}. Organic Silt Tube: 4.0'-7.0"
B. do Rec.=36"
I Push & hammer
5 C. do w/ Peat
‘ .5
D. Gray Sand, occasional gravel
6 ) E. do
F. Tan Sand, medium fine
7 END OF BORING @ 7.0'
8
. On calibration,
. pH meter measured
9 7.8 instead of 6.9,
10
A-82
11
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Converse Consultants, Inc

TEST BORING LOG

BORING NO. B-2

PROJECT p

| CuenT y
BORING CONTRACTORJarren Ceorpe

0

dre, New Jersev

SHT.NO. 1 OF

PROJ. NO.B1-0718R-06

ELEVATION

D S B e @n

GROUND WATER CAS. | SAMP. | CORE | TUBE |DATUM
DATE TIME OEPTH | CASING | TYPE SHELBY|0AaTE START03/08/84
OIA. 3" JoATE FiNiSH 03/08/84%
wT. 1204 | ORILLER R. Danielson
FALL 24" | CwOD REP. KJL
"BLOWS |
T |Q2| 5. oN |9
sel22] 59 | e |2 IDENTIFICATION REMARKS
< o <
° of | = PER 12 |4 2.5' Varer
P .S | pH=5.8, pond water
Tube: 0-3.5'
1 B. Tan medium to fine Sand | Rec.=36"
C. do
2 S-1 2 D. Yellow brown medium to fine Sand
E. do
3 F. do
1
END OF BORING @ 3.5'
4
s
6
On calibration,
7 pH meter measured
7.8 instead of 6.9.
8
9
10
A-83
11
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Converse Consultants, Inc.

TEST BORING LOG

BORING NO. -3

CLICNT $ 3 .
BORING CONTRACTOR Warren Ceorge

PROJECT Pricketr's Pond Sampling, Old Bridge, New Jersey

SHT.NO. 1 OF |

PROJ. NO.81-07188-06

10

11

A-84

ELEVATION
GROUND WATER CAS. SAMP, CORE TUBE |oATUM
DATE TIME DEPTH | CASING [ TYPE SHELBY | OATE START 03/12/84
- DIA, 3" |OATEFINISH 03/12/84
wT. 1404 [ORILLERR. Danielson
FALL 2475 CwOD REP. KJTL,
z |ge | w aLg':vs 3
HED 3¢ | twee |§ IDENTIFICATION REMARKS
»
8 Jea| a PER 12" @ 8.0' Water
0.25%"
P Black gray Silty Sand-3'%f Tube: 0-4.0'
Rec.=44"
B. Gray Sand, medium fine, uniformly '
l graded
16 C. do
- D. do
2 S-1
30 E. do
Fc‘ dO
3 n
25 4 G. do
4 3 H. do
END OF BORING @ 4.0'
5



Converse Consultants, Inc.

TEST BORING LOG

BORING NO.B-4

PROJECT pry..

CLIENT y

BORING CONTRACTOR Warren George
GROUND WATER

kect's Pond Sampling, 0ld Bridge, New Jersey

| SHT. NO. 1 OF)

PROJ. NO.81-07188-06

ELEVATION

CAS. SAMP, CORE

TUBE | DATUM

OATE TIME DEPTH CASING | TYPE SHELBY | OATE START 03/12/84
~ DIA. 3" OATE FINISH 03/12/84
L WT, 1408 |ORILLERR, Danielson
FALL 24" | CwOoD REP. KJL
sLows |
T |92 % oN |3
s£158 | 59 | wee |2 IDENTIFICATION REMARKS
«
i PER 12° @ 3.5' Water
P O.S*'
:‘: |A. _ Black Organic SILT & Fibers, Weeds-6"%{|Tube: - 0-3.0'
1 Rec.=NR, moved 2'%t
P B. Gray Sand, piece Coarse Gravel Tube: 0-5.0'
Rec.=42"
C. do
2
s-1 11 D. Tan Sand, medium t6 fine
N E. do
3 o
21 F. do
4 :
G. w/occasional black organic matter
and clay laminations
5 END OF BORING @ 5.0
6
7
8
9
10
A-85
11




Converse Consultants, Inc

TEST BORING LOG

BORING NO.B-S

.

[ PROJECT Prickett's Pond Sampling Qld Bridge, New Jersav
CLIENT

SHT.NO. 1 OF ]

-] PROJ. NO.81-07188-06

A R T T

SORING CONTRACTOR Warren George : ELEVATION
GROUND WATER : CAS. SAMP, CORE | TUBE |oDATUM
OATE TIME DEPTH CASING | TYPS SHELBY{DATE STARTQ3/12/84
DIA. 3" | OATEFINISH 03/12/84
WT. 1404 [ORILLERR. Danielson
FALL 24" |cwoo REP. KJL
z |gelu. | *N® 3
E: 59 gg Teee 1% IDENTIFICATION REMARKS
- < < .
@ |uva| w PER 127 |@ 4.0' Water
0,3*
P "J1A. Black Organic SILT & SAND-4't J
B. Gray brown Sand, occasional pieces
1 fine Gravel ) pH=6.16, pond wate
6 C. do Tube: 0-4.0'
' Rec.=47"
2 S=1 D. do
E. do
3 F. Tan Sand, occasional clay laminations
G. do
H. do
4 END OF BORING @ 4.0'
5
6
On calibration,
pH meter measured
7 ' 7.8 instead of 6.9
8
9
19
A-86
11
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Converse Consultants, Inc

TEST BORING LOG

BORING NO. 3-¢

PROJECT prickerp's Pond Sampling, 0ld Bridge, New Jersey

SHT. NO. 1 OF]

CLIENT JPROJ. NO.81-07188~06
BORING CONY"ACTOWW ELEVATION
GROUND WATER CAS. | samp. | CORE | Tuee |oaTum
DAIE TIME | OEPTH | CASING | TYPE SHELBY |OATE START03/12/84
OIA. 3" DATE FINISH 03/12/84%
wT. 140# |ORILLER R. Danielson
FALL 30" |[cwoo Rrer. KJL
sLows |
T On w ON o
sl 22| 59 | tee [2 IDENTIFICATION REMARKS
-l
o |3da|3d PER 12 & 7.0' Water
*
" 24\ A. Black Organic Silt, less than 3"/
B. dtay brown Sand -
l PE=5.69, pond wate:
C. do Tube: 0-4,0'
' Rec.=33"
S-1 D. 2" thick layer Black Organic Silte, PP.=1.25TSF, ».
2 with orange brown stained sand
3 24 E. Gray Sand, medium to fine
10/6" F, do -
4 END OF BORING @ 4-0 On calibration,
PH meter measured
7.8 instead of 6.9.
5
6
-7
8
9
10
A-87
11
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Converse Consultants, Inc

TEST BORING LOG

BORING NO. B-7

CLIENT N

SHT.NO. 1 OF ]

.| BROJECY prickecr's Pond Sampling. Old Bridge, New Jersev

PROJ. NO.81-07188-06

BORING "QNTR‘CTO“ V‘M ELEVATION
GROUND WATER CAS. SAMP, CORE TUBE | DATUM
DATE TIME | DEPTH | CASING | TYPE ‘ SHELBY | OATE START 03/15/84
. DIA. 3" _|OATEFINISH 4/15/84
wT, 140# |ORILLERR p
FaLL 24"T | CwOO REP. KJL
z g; ;‘, eLg:s 3
ar-l 20| 58 Teee % IDENTIFICATION REMARKS
vl <ol <% >
021 @ |reriz” | 2.0' Water
= " A., B., Brown Organic SILT & Sand-6"% 0.5
C. Brown Sandy Gravel-3"% 0.8
1 'D. Gray brown Sand w/occasional orange pH=6.78, pond wate:
P brown sand laver . 0-% nt
Tube: 0-5.0
E. do Rec.=42"
2 P. do w/infrequent laminations, %" thick,
gf Siley Clay
H. do
3
4
S END OF BORING @ 5.07
On cal:lbraf:ion,
6 pH meter measured
8.0 instead of 6.9.
7
8
9
10
A-88
11
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Converse Coasultants, Inc

TEST BORING LOG

BORING NO.B-8

PROJECT prickore‘'s Pond Sampline, Old Bridre, New Jersev

SHT.NO. 1 OF |

CLIENT

BORING CONTRACTOR Warren Ceorge

i

PROJ. NO.81-07188-006

ELEVATION

GROUND WATER

CAS. SAMP, CORE

TUBE | DATUM

SHELBY|0ATE START 03/15/84

DATE TIME | OEPTH | CASING | TYPE
' DIA. - 3" POATEFINISH 03/15/84
WY, 140f# | ORILEAR. Danielson
FaLL 24" CWwDO REP. KJL
BLOWS
z | Q]| ¥ o 3
Ec|Z2| 8¢ | reee [ IDENTIFICATION REMARKS
o -
e sa | a PER 127 |af- 3.0' Water
. 0.25{pH=8.0 frozen
P/6" ¥ =3 0.5 'Tube: 0-5.0'
. Rec.=48"
! 3/6" B. Brown Orange Sandy Gravel-3"|
1 C. Tan Sand
2
S-1 4 D. do
» |
3 E. Gray Sand w occasional laminations
- SILTY CLAY
F. do
4
G. do
H. do
5 END OF BORING @ 5.0'
6
4
8
9 t
10
A-89
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_Converse Consultants, Inc. ~ TEST BORING LOG BORING NO. B-9
PROJECT prickerr's Pond Sampling, Old Bridce, New Jersey SHT.NO. 1 0F |
CLIENT P ‘ ‘| PROJ. NO.81-07188-06
BOR!NG CONTRACTOR Warren George ELEVATION
GROUND WATER CAS. | samp. | CORE | TuBE |DATUM
DATE TIME ODEPTH | CASING | TYPE SHELBY [DATE START 03/14/8%
DIA. ] 3" JOATEFINISH 03/14/84
CWT. 1404/ | ORILLER R. Danielson
FALL 24" | CwoO REP. KJL
< g;’ y eLgNws 2 ,

E: %9 %‘z’ TUBE g IDENTIFICATION REMARKS
° o2 | @ |eeri1zv |o 5.0' Water -
P . F3 A. Black Organic SILT-6" thick 0.5
1 ‘ pH=6.88, pond water

8 ] B. Brown Gravelly Sand : Tube: 0-5,0'
Rec.=39"
2 o
s-1 4 C. Brown/Orange Sand -
3
[ *4 D. Brown Gray Sand, occasional laminacionsL
(¢"th.) Silty Clay, some orange stainin
E. do
4
&l F. do
3 6. do
3 ' o END OF BORING @ 5.0' »
On calibration,
pH meter measured
6 : 7.7 instead of 6.9.
7
8
9
1c
A-90
| 11—
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Converse Consultants, Inc. TEST BORING LOG BORING NO. -0
| PROJECT prickect’'s Pond Sampling, 01d Bridpe, New Jersev __|SHT.NO. 1 OF]
o | PROJ. NO.81-07188-06
BORING CONTRACTOR Warren George ELEVATION
GROUND WATER ‘ CAS. | samp. | CORe [ TuBE |[DaTum
DATE TIME DEPTH | CASING | TYPE SHELBY|OATE START03/14/84
- DIA. 3" DATE FINISH 03/14/84
wT. 140# JORILLERR. Danielson
FALL 24" CwWODD REP. KJL
8LOWS
Z.| 88| N |
ar 28 fg Tee |3 IDENTIFICATION REMARKS
© [o=| @ |perazv [a 2.0' Warer
3 PH=6.55 pond water
P Y A. Black Organic SILT-6" i : Tube: 0-5.0'
£ , Rec.=48"
I B. Brown Sandy Gravel-9'*
2
S-1 C. Gray Sand, occasional Y'"thick laminatioms
2 Silty Clay (orange brown staining on
3 5 both sides of clay layer)
1 D. do
E. do
4 2 Fo dO
19 G. do
H. dn
5 END OF BORING @ 5.0°
On calibration,
pH meter measured
6 7.7 instead of 6.9,
7
8
9
10
A-91
11




Converse Consultants, Inc. TEST BORING LOG BORING NO. -1,

| PROJECT prickerr's Pond Sampling. Old Bridpe, New Jersey SHT. NO. 1 OF) )
| CUENT yadicon/CPS Industries E

PROJ. NO.81-07188-06 E
BCORING CONTRACTOR

-l

ELEVATION -
GROUND WATER . CAS. | SAMP. | CORE | Tuse DATUM -
DATE TIME OEPTH CASING | TYPE F 1 SHELBY{oaTe STARTO3/I4/84 =
- DIA, AU 3" DATE FINISH 03/14/84 =
11404 140f |ORWLERR, papfelson -
FALL | g4n 24" [cwoo rer. RJL
S
£ 258, | Tovt I3
a1 38| &9 . 2 IDENTIFICATION REMARKS -
wel 20| 2% TUBE |3 -
R K PER 12" |o 1.2' Water ’
. PH=6.61 -
P A. Black Organic SILT & SAND ‘ Tube: 0-5,0'
_ Rec,=42""
1E ..
P B. Gray Sand with Organic SILT
2 sy 3 C. do —2.0%"
D. Brown Sand, coarse to medium, with fine
Gravel
9 E. do .
3 dc
12 4 F. do and gravel (3" layer)
. s G. Gray Sand, medium to fine
7
BOI
5 -
P A. Gray Sand, medium to fire w/occasional | Tube: 5.0'-8.0"
: laminations w/Black Organic Silt Rec.=24"
- x Bn dO ) )
C. do with occasional laminations Y"-1i"
thick
7 .
D. do ' Note: 2D-Gray
Silty Clay
8 END OF BORING @ 8.0'
9 ‘ On calibration,
‘ PH meter measured
7.6 instead of 6.9.
12
A-92
11 |
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Converse Consultants, Inc. TEST BORING LOG BORING NO.3-13
PROJECT p,igk,::-, Pond Sampling. Old Bridee, New Jersey SHT.NO. 1 OF }
CLIENT Mad{son/CPS Industries 1PROJ. NO.81-07188-06
BORING CONTRACTOR Warran George. ELEVATION
GROUND WATER cas. | samp, | CORE | TUBE |[0ATUM
DATE TIME ODEPTH | CASING | TYPE SHELBY | DATE START03/]14/84
' DIA. 3" | OATEFINISH 03/14/84
. WY, 140f#_ | ORILLER ‘
“FALL 94" CWOD REP. KJL
BLOWS
z |g2| 5. on |3
el 25| 39 | Teee |2 IDENTIFICATION REMARKS
us < < >
@ |v®] @ |perize |a
. + pH=7.2, pond water
P A. Black Organic SILT, FIBERS-8"- Tube: 0-=5
) . 0.7]|Rec.=51"
. B. Brown Sandy Gravel Sample D-Silty
1 " Clay
C. do
S-1 . D. Orange brown Sand with occasional
2 laminations of Silty Clay
E. do
3
F. do
4 18 G. Gray Sand, medium fine
[18/6" H. do
5 ' END OF BORING @ 5.0'| Cleaned tube with
. o methanol & water.
¥ L
6
On calibration,
pH meter measured
7 7.7 instead of 6.9.
8
9
10
. A-94
11
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Converse Consultants, Inc

TEST BORING LOG

BORING NO.B-14

PROJECY prickert’s Pond Samplineg, Old Bridge, New Jersev

SHY.NO. 1 OF |

| CLIENT Madison/CPS Industries PROJ. NO.B1-07188-06
BORING CONTRACTOR Warren George ELEVATION
GROUND WATER CAS. | SAMP. | CORE | TUBE |DATUM
DATE TIME OEPTH | CASING | TYPE | F. 3, SHELBY | DATE START03/15/84
= DIA. 4" 3" |OATE FINISH 03/15/84
WT. | 1407 140# [ORILLERR, Danielson
“FALL 24" 24" CwOD REP., KJL

BLOWS
ON

TUBE
PER 12"

DEPTH
FT
CASING
BLOWS
SAMPLE
NO.

SYMBOL

IDENTIFICATION

1.0' Water

REMARKS

nN

30

14

26

7 -2

28

Black Organic SILT, weeds-9"% ’
do _ 0.8

Brown Gravelly Sand-3"2

Gray Sand

do

Gray Sand occasional clay laminations,
pocket brown sand '

do
do
do

Gray Sand occasional laminations of
Silty Clay %" thick, brown sand
staining top & bottom

do
do
do

do

do

10

—
[

END OF BORING @ 9.0'

A-95

PH=7.9, pond water
Tube: 0-5,0'
Rec.=48"

Tube: 5.0'-9.0'"
Rec.,=27"

On calibration,
pH meter measured
7.8 instead of 6.9.




Converse Consultants, Inc TEST BORING LOG BORING NO. B-15
PROJECT pyickert's Pond Sampling,. 01d Bridge, New Jersey SHT. NO. 1 OF
CLIENT ‘ : PROJ. NO.81-07188-06
BORING CONTRACTOR Warren Ceorge ELEVATION
GROUND WATER cas. | samp. | CORe | Tuse |DaTum
DATE TIME | DEPTH | CASING | TYPE | F 7, SHELBY|0ATE sTART03/15/84
DIA. 4" 3" OATE FINISH 03/15/84
wT. | 1404¢ 140# |DRILLER R, Danielson
FALL | 24" 24" | cwoo REP. KJL
x |9a| ¥ °5§Ys 3
E’i %cf, gg reee | IDENTIFICATION _ REMARKS
>
@ Jo®] @ |perizv |@ 1.5' Warer
. 1 pH=7.3, pond water
A. Black Organic SILT-9"t Tube: 0-5.0'
. : Rec.=30"
1 1 B. do w/Brown Gravelly Sand
'C. Brown Gravélly Sand
2 P/6"
‘ D. Brown Sand
S-1
4 " El d
3 o
Probably lost
: 3.0'-5.0', therefor
4 9 moved 2' west and
: \ started sampling
- @ 3.0' [ ]
""9,6"_ s .
5 . CONTINUED - SEE LOG B-15A
6
7 .
On calibration,
PH meter measured
8 7.9 instead of 6.¢
9
12
A-96
11




Converse Consultants, Inc. TEST BORING LOG BORING NO. B-15a
PROJECT ®.i worr's Pond Szmpline, Old Bridee, New Jerser | SHT.NO. 1 OF
CUENT \adison/CPS Induscries PROJ. NO.81-07188-06
BORING CONTRACTOR Warren Gearge ELEVATION
GROUND WATER cas. | samp. | core | Tuse |oatum
DATE TIME | oeptH T casing | TyPe | F.J. SHELBY|OATE START 03/15/84
DIA. 4" 3’ [OATEFINISH 03/15/84
wT. | 1404 140f | ORILLERR. Danielson
FALL 24" 24" | CWDO REP. KJL
3 :
= {og| g | Ton B
st| o 52 TUBE “é IDENTIFICATION J REMARKS
@ o= @ -lpeni2” (@ 1.5 Warer
1
2
300"
3
A. Gray brown Sand Moved 2' West-set
) casing & washed.
‘ Tube: 3.0'-7.0'
B. do w/ occasional laminations %" Rec.=3Q"
7 silty Clay
2
D. do
6
E. do
7 | END OF BORING @ 7.0'
8
9
10
A-97
i1
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Converse'Consultants. Inc.

TEST BORING LOG

BORING NO3g-1¢

_PROJECT pricketr's Pond Sampling, Old Bridee, New Jersey SHT.NO. 1 OF )
CLIENT PROJ. NO.81-07188-06
BORING CONTRACTOR Converze Cansultants, Incorporated ELEVATION
GROUND WATER cas. | samp. | core | Tuse |oatum
DALE TIME DEPTH | CASING | TYPE SHELBY | DATE STARTN1 /16 /8¢
1.0 None DIA. 3" |OATEFINISH 03/16/84
. WT. 40#f | ORILLERWTM
FALL 18'F |[cwoo Rer. KJL
BLOWS
Zo| 28| 8| o B IDENTIFICATION REMARKS
gLj29 | 2z | Tuee |z CA
S |08 ]| @ |periav |a
A. Brown Sandy Gravel
B. d
1 do
C. Gray Sand mixed with Organic SILT &
FIBERS
2 S-1 D. Black Organic SILT @ 24" down (3'% thk.]Tube: 0-3.0°
Rec.=30"
E. Brown Gray Gravelly Sand
3 A. Black gray Gravelly Sand (Trace Organic
SILT)
B. do .
4 S-2
C. Brown Sand, trace Black Organic SILT Tube: O=5!
—_— 4,5t Rec.=48"t
1 D. do (w/o Organic SILT) (24"-from above)
3 END OF BORING € 5.0'
6
’
8
9
10
A-98
11
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_ onverse Consultants, Inc TEST BORING LOG BORING NO. B-17
PROJECT pripkert’ Bridge, New Jersey SHT. NO. 1 OF 1
LIENT PROJ. NO.81-07188-06
ORING CONTRACTOR ranverse Cansultants . Inear 4 ELEVATION
3ROUND WATER CAs. | samp. | corRe | TuBE |DATUM
.. DATE TIME OEPTH | CASING | TYPE : SHELBY | DATE START 03/16/84
DIA. 3" DATE FINISH  03/16/84
wT. . Y ORILLER WTM
FALL 18T | CwDO REP. KJL
cn | w BLOWS | :
|25 80 | oo |2 IDENTIFICATION REMARKS
PR 23 fz TUBE ’2.
2 |o8 | @ |pgpizt |@ -
l 0.5%

A. Black Organic SILT & SAND

.l
[ o]

]

o

.

Brown Sandy Gravel, with occasional
Black Organic SILT

) C. do : Tube: 0-3.5'
I s-1 ' Rec.=42'%
2 D. do | . (densified to 30'%)
Boring located near
E. do middle of stream
- bed.

END OF BORING @ 3.5'

- =

A-99
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Converse Consultants, Inc

TEST BORING LOG

BORING NO.B-17A

mo.aECT Prickert's Pond Sampling, O1d Bridge, New Jersev

CLIENT

SHT.NO. 1 OF |

PROJ. NO.B1-07188-06

BOR!NG CONTRACTOR Converse Consulf

ELEVATION

GROUND WATER cas. | samp. | core | Tuse |oatum
DATE TIME DEPTH | CASING | TYPE SHELBY | DATE START 031/16/84
OIA. 3" |DATEFINISH 04/16/84
wT, 40y | DRILLER trry
FALL 18'% | CwDOD REP. KJL
BLOWS
z |22 25| o IR
KL £2 Twee |z IDENTIFICATION REMARKS
o |88 | & |perizv ||
=} A. Brown Sandy Gravel, w/ little Organic [Tube: 0-3.0'
{ SILT Rec.=33"
B. Black gray Sand 1.5t
S-1
2 ‘ C. Brown Sand Boring located near
D. do edge of stream bed.
E. Tan Gravelly Sand ‘
F. Tan Sand
3 END OF BORING @ 3.0'
4 ¢
5
6
7
8
9
10 \
A-100
11




Converse Consultants, Inc

TEST BORING LOG

BORING NO. B-18

{ PROJECT pryckerr's Pond Sampling, Old Bridce, New Jersev SHT.NO. 1 OF |
[ CLIENT Madison/CPS Industries ' A PROJ. N0.81-07188-06
BORING CONTRACTOR Warren George ELEVATION
GROUND WATER CAS. | samp. | core | TuBE |DATUM
DATE TIME DEPTH CASING | TYPE F.J. SHELBY | DATE START 03/16/84
- 1.0 None | Dia. 4" 3" |OATEFINISH 03/16/84
wT. | 1407 1407_|'ORILLERR, Danielson
<FALL | 24" 24’ | CWOD REP. KJL
BLOWS :
z |22l 25| o0 |2
ar 2o | 22 Tuse |2 IDENTIFICATION REMARKS
S |od| & lpgrize |@
P A. Brown Gray SILTY Sand Boring located. on
delta, done with
1 P B. do tripod rig on land.
C. Brown Black Sand
4 D. d
2 ° |
5-1 9 E. Brown Sand, Gravel Tube: 0-5.0'
: Rec.=48"
19 F. do
3
20 G. do
4 35 H. do
25
s 64
20 A. Gray Sand
6 B. do
s-2 |20 .
C. do w/clay laminations %" thick k Tube: 5.0-9.0' .
7 ' Rec.=32"
D. do of Silty Clay, brown stainiﬁg
8
34
E. do
9 END OF BORING @ 9.0'
10
) A-101
11 ;
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Converse Consultants, Inc. TEST BORING LOG BORING NO. -19
PROJECT prickert's Pond Sampline, Old Bridge, New Jersey SHT.NO. 1 OF |
LIENT Y PROJ. NO.81-07188-06
BMBORING CONTRACTOR Converse Consultants, Incorporated ELEVATION
GROUND WATER [ cas. | samp. | CORe | Tuse |pATUM
DATE TIME DEPTH | CASING | TYPE SHELBY|DATE START03/16/84
; DIA. 3" OATE FINISH 03/16 /84
T WT. 4Off | ORILLER WTM
l FALL 18'% | CWOD REP. KJL
‘ BLOWS
t LIE Gl REMARKS
at %9 53 TUse |3 IDENTIFICATION .
o® | @ | peR 12 | ;

=

A. Brown Gravelly Sand Tube: 0-5.0'

- Rec.=46'"t(densified
to 36" pricr to

B. do pulling tube) -

=

Gray orange brown Sand w/ laminations
Black Gray Silty Clay

D. do

w

E. do

&

0

F. do

END OF BORING @ 5.0

Lo e ey

A-102




Converse Consultants, Inc.

TEST BORING LOG

BORING NO. B-20

CLIENT

PROJECT p

0

dre, New Jersev

"I SHT.NO. 1 OF ]

PRDJ. NO.B1-07188-06

. BORING CONTRACTOR Converse Consultants, Incorporated

ELEVATION

GROUND WATER CAS. . SAMP, CORE TUBE OATUM -
DATE TIME | OEPTH | CASING | TYPE SHELBY | DATE START 03/16/84
DIA. 3" DATEFINISH 03/16/84
WT. 40#t | ORILLER M
FALL " 18" CWDD REP. KJL
: BLOWS
g (882, ov |3
sl o | =2 Teee |3 IDENTIFICATION REMARKS
o« J < P
© |oB | @ [perizv |a
3 A. Brown Sand, w/ leaves
S ¥ B. do
L1 be: 0-4.0'
C. Black PEAT cuves Lo
Rec.=38
D. do
E. do 2.5

F. ' Brown Black Silty Sand, (silt probably

organic)

ll.l

END OF BORING @ 4.0°

A-103

OR INTERPAETATICN OF SOIL AOCK AND GROUNOWATER CONDITIONS. SEE TEXT OF CONVERSE CONSULTANTS REPORT. OF wiiCH THIS 1.OG IS A PAAT.
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WEHRAN ENGINEERING

CONSUING ENGINEERS

TEST BORING LOG

BORING NO. £
PROVECT : 0 /7 (2720 ok - 2d~ & iy SHEET NO. ~ OF =
CLIENT : 7.0 AT L Ot I Py SN YLTEIES JOB NO. 75
' SAMPLE
we-L ?E“‘ BLOWS PER CLASSIFICATION
48
y 4! 2! sAND-.’,_ v paecl e o :
< e r=.t -ra o El
P ss s S
i
Lso
L W | ss 9wl 4s.
;65 S.S /5 20 SA\)D r .3r:~.l\ *:r‘.‘: ’ - .
2 27 3 Ve Zasie
f’;
»60 ) )
SILTLCLANY o 20 s
- 113 | ss 25 6 4 L3
7 | 57 85
: o
"'f h‘ 22 ‘/' -,Az:_da,.,'qjygy dru - <
\: r ’4 SS Iw_‘ B 3
r 52 "“Ys
i
- [
3 o5 1 5s 136 @0 || SisT f cLe
i 20 32
. e | ss Pl d=.
- [ —— — o — e Zi
2 ! 2T a
~ +e0 3.7 7 ———
= [ 17| 35 [op oo ]| Fr-mr ave
- b
48 30 20 §
= p-m low = nre u, =
18 | ss 100/s g".?era,‘ﬁ =0T
1 o 2238 |,
T 19 == S5 57 '/:'. RV
' /9 32 .. : .
w020 s Yy w e tiay far- 3
2013 25 35 '
| (36 28 ]|
R G A T3 ISR
o Y8
L ss 4
- 22 47 58 dc
25 2 Fae . Sednem or e
i B 35 /00 100
I A-105




WEHRAN ENGI‘EERNG

CONSULTING ENGHEERS

TEST BORING LOG
BORING NO. = ..

PROVECT : -yt  ppne o LA SN AT SHEET NO. = OF =
CLIENT :  1fc 2 o0 srdre _ ADR A 10 YD JOB NO. B
WELL '[E S CLASSIFICATIdN
CONSTRUCTION Ig?_ NO | TYpg | BLOwS FER ' REMARKS
7' 2._3 $3 25 7 SAMNZ
i /00 120 fler. s
P P 7T
I N P 7 5o
‘ 2 4y 123
} 25 ss Yal SO ~.LAY # S”-T- darkg:e\-'(cmu Te9 . | Inr o
3 pyrtic
2S5 Y6
b A J‘
[ 26 | SS 2 47 3
z22p | 3=
o127 ‘
. % 23 57
ot | peeESs S LT e f . -
" |48 | o | A—
{ ot | PRES 'a
i [ 29 ©
: Y 26 .
' Y P 0 | SS -
S I A 3¢63 || °
N 29
e |3 ] ss ‘ iz
g L 35 52
' -\.) L ss 2 20 do
A Fils % 23 <6
4 L [ /3 2/ || 4.
S -1 ]
, - 33155 [ae o
6‘ L
X *
H .‘) b .
L 34 ss (349 WSILT-ave:  #ra-z >
D F 52 9% eare Bt o
e [
l ko o 249 3 S'.T ; ‘harian ) +r3re -
2]} fas)ss S'iTodark guey [iracze ),
l = L 2 46
= ~
I~ '
A .
i : '?_\ . . . - .
Py b ss 22 .7 SAND - 2ara 2rr: Darion tralc I
Y I 36 /09/3
i 2/ 72 ft SAYZ - <.,
71]s
Nl el PPRET;
g T -
- CLAY
38 | ss Lo XY Yl blue-arc: . dsise
s 7 Y.
| 3935 |3/ e || lamiraict Ao 146.0
i END of BOING 4 10




WEHRAN ENGINEERNG

CORSUUIING ENGNEERS

W

TEST BORING LOG

BORING NO. £z
PROVECT : S U/ JGRpy Frde 4 g\ E i Ll T Y SHEET NO. | OF .7
CLIENT : 208 CAEMMLL - f2.)SCA) NEUYSEYTS JOB NO. <5357,

BCRING CONTRACTOR

M EL LRI DRILLI . ELEVATION -
GROUND WATER ] CAS__| SAMP | CCRE | TUBE |DATE STARTED S T
CATE _TIME [ WATER EL. | SCREEN TYPE [~ | <~ povtr. (DATE FINISHED =~ . -7 -.
DIA. [ -~ Z- ORILLER ' ST =,
wT 1928 INSPECTOR PP
FALL 347
SAMPLE
WELL O Z — CLASSIFICATION REM
CONSTRUCTION [&2! no. rvee [BLOws per REMARKS
_o 9 Ss | 3 /2 SAND - . . B O TR
/12 7
- —
-5 p— c—
> s e coened
-|° e e —
o b e s
| G
F1s
- —
'. ]
’r - _— e ey
reo T ]
| B
p — —
2% — —
: 30 _ - -
i ! L. .
I ,’ ’, - --.1
b
rss
1 r ]
- b -
r4Q — - -
! - —-- ——
P p— — ——
[ 1 A-107
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WEHRAN ENGINEERING

CONSUING ENGINEERS

TEST BORING LOG
BORING NO. = -

PROVECT : =7y A yRey Fomea2iyy

CWIN T Y rdAYi

SHEET NO. © OF <

CLIENT : 25 ~umvyiryic'— sparicrn, VS 572058 JOB NO. T2
SAMPLE
WELL !55 CLASSIFICATION
CONSTRUCTION I§~ NO. [ Type | BLOWS PER REMARKS
P
e
I
rs0 —— -
P2 | SS 9 9% SANZ - . Sar esroe
| 27 50 ’ '
P
58
| -
- 60 y &0/, LN .
L 3 | S5 150 s || SAMNS Mol ean irpgrien
tes
F70
L LI 133 8y By SAND =2 Lp .-y
i
78
[ . e 7
reo
|5 | ss /7 33 CLAY-er:.‘!‘.,.,-._ S
L 5y 53
2. g7
9 o s: _ﬁ_4£_ do .
! =5 23 .
o8 7 | ss <3 23 SANC - » - 4o
L <7 X5
g |ss pL38
! | s 56 ‘
L sS Ve ol JO i Alne zen
% ! 45 50 -~ - .
3/ 5y USILT 45 S 7 d sl mdpreipes 70
S o -l.
BEARE 7 dror |
L2 s SILT -dare atecfenar s R R Tand LAMPLE 1. € poON ORI IBM [2Ere MM I &
3 n | ss _,:5'55 =o= |,":,‘ '._{ r;:,-igj' ? SY MUMA KNI, MM
Los|s2 | ss v o5 SAND - . ) e SArpLE s do .
‘22 T
b i -7 R LR S0 <.
Yo 0 ¢ Tt N SAMPLE I13: Spocs DL Birerine
13 1Ss d0 A-108 13" Ssive L3010, < 8m s




WEHRAN ENGINEERING

CONSULING ENGREERS

TEST BORING LOG
BORING NO. =+ -..

PROVECT : P/ T B 20 S~ 24y 30497, SHEET NO. = OF .~
CLIENT :  ~ov Aoy, 7 /< = B, S50 JASSUS TS < JOB NO. <21 f
SAMPLE :
WELL = CLASSIFICATION
CONSTRUCTION | no | Tvpe|8-0NS FER REMARKS
Q.
T AR
[ v ‘?% SAMD - L. ’
b b ’3 >> o Lot ———— . - .
4. s -
L - — - -
] , .. ~: o :.. - ‘. -'-‘_: . .
) f /vy 12> ; — - = .
: P9 1o oY liariie, pus e
; L |,z CRES. ’ - .
| /2 4\0)’ is
| lre bwivay] PRELS io
. 7 <Y
r / 5>
A ,7 ) ;"S
e y, ’LT' U SR 3wy < - v .
! PR N ;1_'2./ Y SO L
; =5 75
! b1 —
_ : R WF Y 40 T2 || SILT - dred s tencs Surd .
f ! ! JY &0 |
! us
: s |2 3Y I SILT -2vet 4. FF 4race <. L
! r |20 38 T < . Trace =9
i b 20 l”/J Siaa P.‘Jf-' raC hy e e
! b
i b
' oo ss lo XY | Siel-zrew ... o, -
i | I 20 Yy : 122.0
! END OF BoRiNG ..
bAT
2]
iss
h40
L R
e
Has
b A-109
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VS WEHRAN ENGIERNG

TIONSLUNG ENGINEERS

TEST BORING LOG
BORING NO. =:.

PRQUJECT :

A ,.‘..'_--.v‘gfj',' ERE =2y L g SHEET NO. | ¢F =
CLIENT : 208 #4'8us/idl — M DISody o\ oy T 2ric JOB NO. S Do
BCRING CONTRACTOR: < ZUre, ‘o L2l 2 ELEVATION
GROUND WATEP CAS. | SAMP | CORE [ TUBE |DATE STARTED . ... =_
DATE TIME | WATER EL_ ' SCREEN IYPE [.wrv - [~ sz |DATE FINISHED = . . —.
: ; DIA. | s~ Z ORILLER ' <r sis-. .
' WT. /Do INSPECTOR LA
FALL 2
SAMPLE
WELL Eg CLASSIFICATION REMARKS
CONSTRUCTION |wll No. [Type |BLOWS PER '
] = ~ B
| ’ ss __2 7 C_AV./ - e b P Y T
/J /5'__
S b—— —
& —
5 F ——
+ L
-|° — e
) I
18
! - - -—
i
é I»zo e r— —
i t b—— —
. I3 ——
r ——— —
b
- 28 P ———
~0 L
<~ L - -
N I3
- ! ° p— - ——
~ ! ! 4 |
o | !
i i
; { —
[35
| L !
‘ Le0 b~ - -
as — A-110
r ——-——]




WEHRAN ENGINEERING

CONSUTING ENGREERS

TEST

BORING NO. =-. =<

BORING LOG

PROJECT : S2yil 4307 £ 22 e =i, il e SHEET NO. . OF .=
CLIENT : 0¢ 0 SWiod o = e a9y n0, o g e JOBNO. ~zZ- -
SAMP »
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Cwne:'s weil No, __WCC-14 SURFACZ ELEVATION Ceee
‘ (<00 Mean =2 wve/) Tee
LSCATION
CATZ compPLETEy _ 6 Jan 8l DRILLER J+Z. Fricts, Ce.
DIAMETER: Top inches Bortom inches " TOTAL DEFTH 101 Zeet
CASING: Type Sca 40 Ve Diameter | inches - Length __9 1 L
SCIZIN: Type Sea 40 PVCS::: of Cpening 0.020 Uiameter Inches Lengzs 10 Zee-
Top 91 Feet - _ . - .
Ramge in Death : 101 Geologic Formation fazltan
Botiom ; Feet . -
Taii Piece: Diameter Inches Length Feet
WELL FLOCWS NATURALLY Gallons per minute at Feet above surface
Wazter rises t0 . Feet ;bove surface
R2ICAD OF TEST: Date Yieid Gallons per minute
Static water level before pumping ; Feet beiow surface
Pumging ievel feet below surface af.er ‘ hours pumping
Crawecswn Feet Soecific Capacity Gais. per min. per ft. of drawdown
How pumped How measured
Observed ettect on neardy wells :
PERMANINT PUMPING EQUIPMENT: ' =
Type ' Mfrs, Name
Cacacity SPM.  How Driven | =P, RPM, O
Dech of Purn.p inwell _______ Femt Depth of Footpiece in well Feet
Deoth of Air Lir;e in well Fest Type of Meter on Pump V Size Inches
USE'C con menitoring AMOUNT Average Gallons Daily
‘ Maximuym Galions Daily-
QUALITY OF WATER Sample: Yes e No
" Tae i Odor ) Color Temp. OF,
LOG descriotive Are samples available? Y S5
(Give artaiis on dece of sreet or on soarste sneet. If 8eczic 103 was MeOv, Prsss furnish-cooy.)
SOURCE OF DATA . Woodwaré-Clyde Consultants )
DATA O2TAINED BY Woocward-Clvde Censultants Oute 5 Jan 81
A-164

(NOTE.: Use other sice of this sheet for edditional intormation such as log of materials penetrated,
analiysis of the water, sketch mao, sketch of secial casing arrangements, etc.)
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y Q. . rnwm\ Pt APPLICATION N,
Cemsz CFS Chemical Company ASoRESS 2.0. Sox 152, 012 zriice, uo
Cwner’s Well No. wCC- 2M SURFACE £L3VATION Ceer
(Aoove mesn s eves; te
LSSATITN
CATZ campLsTED 20 Jan 81 DaiLLer J-=. Frizus, Co.
DIAMETZR: Teo inches Bonom inches TOTAL DEPTH 56 ..
CASING: Type Sca 40 PVC Diameter Inches Lengrtn _ 47 Caet
'S¢k v 0.020 10
SCREZN: Type Sea 40 cSi:e of Cpening _~__ Uiameter o _____ 'nches Lengen Seae
_—_—
Too 46 Fee: . “ﬂ'-“ -
Range in Depth - Geologic Formation _- Kazican
Bortom _25 Feet
Tail Pieze: Diameter Inches Length Feet )

WELL FLOWS NATURALLY

Warer ~ises to

Gallons per minute at

Feet above surface

Feet above surtace

RECCR; OF T2ST: Date

Yield

Static water level before pumping

Gallons per minute

Pumzing level

Drawe=wn Feet-

How cumped

feet beiow surtace af.er

Feet Selow surfacg

- hours pumping

Scecific Cacacity

Gals. per min, per & of drawcown

How measured

Ctserved effect on nearty wells

PSIMANENT PUMPING EQUIPMENT:

Type Mirs, Name
Caoacity _ G.DPM. Hsw Driven - - H.P,  — R.P.M.
Dectn of Pump in well Feet Depth of Footpiecs in well Feet
be:m of Air Uﬁe in well Feet Type of Meter on Pump SiZe e __Inches
uss'a fen mo::itc:ing AMOUNT Average ___________ Galloes Daiiy
: Maximum ________ Gallons Daily
QUALITY OF WATER Sample: Yes o No e
" Tese Odor Color Temo. oF,
LOG descristive Are sampies availatbie? Y &S

(Give owzaiiy an pecx of wrevt 07 on mOaryTy snewt. If eiacic 109 was Moo, prasse furnun cooy.)

woodward-Clyde Ccnsultants :

SOURCE CF DATA

DATAC:zTAINED BY

Woodward-Clyvde Consultancs

20 Jan 81

(NOTE: Use other sige of tnis sheer for additi

" Date

A-166
’ nation such as log of materials penetrated,

3lyss of the water, sketes mao, sxesz* of toecial casing arrangements, etc.)
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WILL R2£03D CSUNTY 22T~ SEEX
wz3 C2S Chemical Csmzeanv ‘AGDRESS 2.C. B¢cx 162, c¢i2 2riize, N
Cwner's Neil No, __WCS=3D SURFACE SLEVATIC
(RSO MeeNn 1es jeves) wE
CCATIZN
CATZ COMPLETED 6§ Jan 81 DRILLER Y+=. Frizts, Co.
CIAMETZIR: Top inches Bortom _L inches " TCTAL DEPTH 81 - Teer
CASING: Type Sch 40 PvC Diameter 2 Inches Lengmn 84 Saee
SCAIIN: Type Sch 40 PVCSZ:: cf Cpening 0.020 Liameter ._2___ !-n:.‘-aes Lenges _ L0 Seer
- Top.._._71___ Feet L .
Range in Desth 81 ’ Geologic Formation - Raritan
Bottom = Feet .
Tail Pizse: Diameter Inches Length Fee
WZLL FLOWS NATURALLY Gailons per minute at Feet above surface
Wazer “ises to ' Feet above surface
RECSCAZ OF TEST: Date Yield Gallons per minute
Static water level before pumping Feet beiow surface
Purmgcing level — feet below suriace afier houninumoing
Oraweczwn Fee: Seecific Cacacity Gais. er min, per ft. of drawdown

Hew pumped

How measured

Observed effect on nearby welis

PERMANINT PUMPING SQUIPMENT: , =
Type ' Mfrs. Name
Cadacizy ‘ S.PAM. Haw Driven =P, RPM,
Deoth of Pump in well Feet Deoth of Foomiecs in well Feet
Deoh of Air Line in well — Foe? Type of Meter on Pump Size Inches
Uss': cen monitcring ’ AMOUNT Averige Gallens Daily
Maximum Gallons Daily
QUALITY OF WATER Samole: Yes . Noo__
Tame : Odor Color : Temp. oF,
LOG descrintive Are samcles available? YES

(Give owtaiis an pect of srewt 07 On MOryce ewt. If MecTiC J0Y was Mece, praase furnish cooy.)

SCURCE CF DATA %ooc'-:a::-cwe.e Consultants )
sward-Clvce sultants :
A-168

INOTE: Use other side of this zhest for sdi2itional inrormation such as log of materials penetrated,
analys: =7 the water, skeish mao, tkezh of soecial Qazing armangemens, etc.)
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WzLL FLOWS NATURALLY

Wazer rises to

~

RECSRZ OF TEST: Date

Gailons per minute at

- Lazoz: ) STATZICF NEw.EIEIY i L-12Caa Ao
2 - . Ty a1 S5/ ENT P INVIRSNMINTALPGETISTISN FL Tne =~
572 AINMITRGIN i emr SAVIRTNMENTAL 2L J i - —
. 1 gy b v AVISICN CP WATER R832UACES o o e,
L RS £2 I R - c AV
f/_r]F;Dr‘QJr:S | F:EH Pt APPLICATICNNG.
by ] : s
RS C. Y _ A=y Middlesax
FUS L WELL 8220R0D cSuNTY
. Semical Camoan - ?.0. 3¢x 132, Cld 2-idze, 4=
C"‘.'.‘\:.:. CPS C..E.-.-C-’.- Cvon_ G.-y ACDRE'\"‘ o c L4 C_e, -
ot W.C' - 4M [ I AVE S
Cwner's 'Well Ne. ~ SURFACZ SLEVATION Tear
(ASove mean caa reve:) o
LZSATICN
. 3 - - R Y
CATZCOMPLETED 14 Jan 81 pRILLER Y- FT-=%s, Co.
CIAMETER: Top inches Bottom inches TOTAL DEPTH ' Coes
P
CASING: Type Sca 40 PVC Diameter Inches Length 47 Zeer
: vC 0.029 - l0
SCREIN: Type Sca 49 P Size oprening‘__ Diameter Inches Lengnl Seee
Top 47 Fest , dein
Range in Depth 57 Geologic Formation Rarita-
Bottom Feet .
Tail Piece: Diameter inches Length Feet

Feet above surface

Feet above surface

" Yield Gallons per minute

Static water ievel before pumping

Pumzing level

Craweswn Feet

How sumoped

feet Delow surtace afier

Specific Cacacity

Feet below surfacg

hours pumping

-

Gals. per min, per 4 of drawdown

How measured

Qbserved effect on neardy wells

PERMANZNT PUMPING EQUIPMENT:

Type Mirs, Name
Capacity S.MM. Haw Driven . =P, RPN,
Dec™ of Pump in weil Feet Depth of Footpiece in well Feet
Cez= of Air Ur;e in well Feet Type of Meter on Pump Size Inches
uszd FoR _BCRitozing amount {7 Galens Daily
. Maximum Gallons Daly
QUALITY OF WATER Semple: Yes . No o
" Tame Odor Color ~ Temp. . oF,
L LOG descristive Are amoles available? LSS
(Give owTaiis on becs of srest or on moOarsts sreet. If erczric iog wes meow, pmaem furnish cooy)
3. SOURCE OF DATA Woodéward=Clvée Consultant )
. v Woodward-Clyce Censultants . Dae 14 " Jan 81

OATACETAINED BY

A-170

(NCTE: Use other side of this sheet for sdditional intormation such as log of materiasls penetrated,

Malys of the water, sxerch mao, sketsh of soecial cazing srrangaments, etc.)
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APPLICATION NO.

—_—
M:i32315a4 ’
SUNTY - ====-25S23X
. . = : 18 =-iaa .-
cwinzs C28 Chemical Cempany Scx 152, Old =z:ziziza, us.

CATE ~oMPLETED _ L5 Jan 81 ORILLER J-Z. Fzitts, Co.
DIAMSTZA: Top inches Botom inches ' TOTAL DEPTH 36 ..
CASING: Type Sch 40 PVC ‘Diameter Inches Lengm 25 Teat
SCREIN: Type Sca 40 PVCSIze of Cpening ﬂz o Diamezer 2 !..-.c.'-aes Lengzn L0 Teee
. { Top 25 Feet , . -
Range in Denth Geologic Formation _~ Raz.can
Bottom 15 Feet .

Taii Tiece: Diameter inches Length Feet
WELL TLOWS NATURALLY Gallons per minute ot Feet above surface

Wazer rises 20 Feet above surface

RECCRD OF TEST: Date Yieid Gallons per minute

Sizic water level before pumping ' : Feet below surface

Pumzing level feet below surtace sfier - - hours pumping

Crawzown Feet Specific Cacacity Gals, per min. per 1t of drawdown

How ~umped How measured

Coserved effect on nearby weils

PEAMANENT PUMPING EQUIPMENT: | -
Type . | Mfrs, Name
Cadacity QPN How Driven | LR R.2M,
Decnof Pumpinwell o Femt Depth of Footpiece in weil Feet
Dec= of Air .Lin.c in well Fest Type of Meter on Ppmp Size _inches
Us‘:'.D ?-:R monitoring AMOUNT Averyge Gallons Daily
Maximumo_______ Gallons Daily
QUALITY OF WATER ' ( Sample: Yes—_  No___
" Tame ' Odor — Color . Temp. o¢,
LOG cescoiztive Are amples availabie? IS5
(Give artails an bect of irest or On mparsty sneat. 1 BlcTHC /07 was MeCY, prasss Rurnish cooy.)
SOURCZ OF DATA Wooéwari-Clyde Consultancts ' .
DATA Z3TAINED 8Y Woodwazd-Clyde Consultants Oue 15" Jan 81
A-172

[NOTE: Use other sice of this sheet for additional intormation such as log of materials penetrated,
ansivys of the mre- sketch mao, sketzh of decial exxing nrnnge'nenu ere.)
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wzs SFS Chamiczl Comzanv e 2 - FOT. Zox 18I, 0TlF 2o
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. WOl = A -y ey s -
Cwner's Well No. _ "CS= 8D SURFACE sLEVATICN

LSCATICN

CATECoMpPLETED 22 Jan 81 paLLgs J-=. Frizzs, Cc.
CIAMETER: Too 6 inches Botmtom inches T OTOTAL SEFTH - T .-
CASING:. Type Sca 40 PYC Diameter 2 ‘nones Lang— =3 :
SCRZIEN: Type Sca 40 PVCS::: of Opening 22 0 Diameter ._2__ lneneg Lerms _ - T
Too §5 Feer , .
Range in Deoth -5 . Gesiogic Formation _- Jas TS
Botiom i et
Tail Pisse: Diameter 2 inches Length > See:
WELL FLOWS NATURALLY Gallons per minute at Feer azcve surfzce
Waser rises 10 | Feet above surf&e
RECOAC OF TEST: Date ' Yield Gailons ser mirute
Static water level before pumping : See: deicw surface
Pumoing level _ feet below surtace afier . . YOUR DumSing
Drawc=wn Feet Seecific Capacity Gais. 227 mun, Der <L 2! 2rawe wn

How pumped How meuurﬁ

Chbserved effect on nearoy weils

PEAMANENT PUMPING EQUIPMENT: -
Type : Mfrs. Name
Capacity el TR How Driven | .2 =
Deom of Pump in well | Feet Depth of Footwiece in wel Seme
_ Cezm of Air Li.n? in well Feet Type of Meter on Pump Sze  _ ~a
. el omwd Average ___ = Saigmi s
Lszo FoR _BOZoSCIIng AMOUNT
Maximum______  Za.se;ca.
QUALITY OF WATER Sampie: VYes No
T Teme . ' Cdor . Color Temo, . °=
LOG descrintive Are samoies svaiizoie? = =5

(Give ortaiis on tece of sveet o on soersts wheet /f sieczric iog was macw, prase furnuh cooy. !

SCURCE OF DATA Wocéward-Clyée Consultan<ts
vaxé-Clvde n tants . AT - - -
DATA O2TAINED BY Woodwazé-Clyde Cc slul a owe | L2 Can il
A-174

(NOTE: Use other side of this sheet for 8Cditivm.e. v..u..O8tioN Such 85 /05 of materiars sener 3oz
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{ASove meen s ever)

DATE comPLeTEy _ 16 Jan 81 DRILLER Y-+Z. Fritzs, Co.
OIAMETER: Top inches Borom _6 inches " TOTAL DEPTH 53 Ceet
CASING: Type Sca 40 PvC Diamerter Inches Lengmn L;m
SCREIEN: Type Sch 40 ¢ CSE:: of Opening‘g.z 0 Diameter !I.-.ches Lengen | 10 Coer
Rarze 1 Desth Top :: ' Fest Geologic Formation - Raritcan
Bottom Feet .
Tai Pleza: Diameter Inches Length Feet
WI L ZL0WS NATURALLY Gallens per minuts at Feet above surface
Witer mses to Feet atove surface . '
RSCCAZ OF TEST: Date Yield Gallons per minute
S:ats water level before pumping Feet beiow surface
Pumzi=glevel — feet below surface afuer . hours pumoing
Crawsswn Feet Specific Cacacity Gais. per min. per £ of drawdown

Hew 2umped How measured

Chserved etfect on nearby wells

PEAMANENT PUMPING EQUIPMENT: =
Type : Mfrs. Name
Cazacivy SN How Driven HP, o RPM

‘e e ——

Dez= sf Pumpinwell —____ Feet Deoth of Foomiece in weil Feet
Oez= cfAir Lineinwell —_____ Feet Type of Mezer on Pump . Size Inches
. s Average Gallons Daiiy
usEd =R _Tonitoring AMOUNT

Maximumo________ Gallons Daily
QUAL:TY OF WATER

Sample: Yes No

Tase ' Odor Cslor Temp, o _____ OF,
LOG descriotive yes

: Are samples availsble?
(Give oweriis on bece of srewt 07 on moerste ineet. [f asecTic K0 was Mace, prasse Rurnish caoy.)

SOURZEZ DF DATA Woodwazi-Clvée Consultans

[ 1 e cant . * -
DATA CZTAINED BY Woodward-Clyce Consultan  Date 16 JSan 81

A-176
(NOTE: Use other sice of this shee: for sg2r:. aation uch as log of materials penetraced,

analyss of the water, skerch mao, sketch of toecial CINg armanpements, e.-.l
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Swe.i3a ) STATE OF NEW JEASEY '- ) 22-12223
DEPARTMENT OF SNVIRCNMENTAL 8CTECTION PEEMIT NO.
Al OIVISICN OF WATZ3 RESCUACES
Fua ‘l}ﬁ? ;?‘ _ APPLICATIONNO.
Middlesex
1 ' ! . COUNTY
PURFOSES Ca\l WELL RECORD |
C?S Chemical Cempany P.0. Box 162, 01d 2ridge, No
. CWNER i ADDRESS
Owner's Weil No, _NCC- Sm

SURFACE ELEVATION Coue

{Adove mean sea iever)

LSCATICN -
DATE COMPLETED 15 por 8 oRiLLen J.E. Fritts, Co. _
DIAMETER: Top— 10 inches Bottom 10 inches TOTAL DEPTH >3 Faet
CASING: Type Sch .40 PVe . Diameter _2__ Inches Length L_Fegt
SCAREEZN: Type sch 40 pZ;Size of Opening 0.020 Diameter ______ Inches 3 Length Ceet
Range in.Oepth { Tee 83 Feet Geologic Formation __Raritan
Bottom Feet :
Tail Piece: Diameter Inches Length —Feet
WELL FLOWS NATURALLY Galtons per minute at Feet above surface
Water risas to Feet abave surface
RECORD OF TEST: Date Yieid - Gallons per minute
Static water level beforg pumping ; . Feet beiow surface
Pumping level feet below surface after hours pumping
Orawdown Feet Seecific Capacity Gals. per min. per f1. of drawdown
How pumped . How measured
Observeg effect on nearby weils
PEIMANENT PUMPING EQUIPMENT: | -
Type ] Mfrs. Name
Caacity G.PM. . How Driven H.P. RPM.
Denth of Pump in well Fest Deoth of Footpiece in wall Feet
Deoth of Air Line in wel! Fest Type of Meter on Pump Size Inches
USED FOR monitoring AMOUNT { Average Gallons Daily
Maximum Gallons Daily
QUALITY OE WATER Sample: Yes No
Taste Odor _ Color Temp. of,
LOG _descriotive Are samples available? yes
(Gigv gecniis on deck of sheet or on mparsce sneet. If electric /og was made, plesse furnith copy.)
SOURCE OF DATA Woodward-Clvde Consultants
DATA OBTAINED BY Woodward-Clyde Consultants . Date 15 Apr 81
(NOTE: Use other side of this sheet for sdd A-178 rmation such as log of materials penetrated,

analysis of the water, sketch map, sketch of special casing arrangernents, etc.)
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i . STATZ OF NEW JERSEY -
I L DEPARTMENT CF ENVIACNMENTAL PRCTECTION PEIMIT NO.
ATARIAIA OIVISION OF NATER RESCURCSS
FQB MG?-’”U:‘.-?‘IU APPLICATIONNO. ______
- . . Middiesex
PURPOSES OMLY  weiwmecono
C?S Chemical Company P.0. Box 162, 014 Bridge, MJ
CcwhzER : ADDRESS
Wee- 11d
Cwres s Well No. SURFACS ELEVATION Feer
(Adove mean tea .ever]
LCCATION ' -
DATE COMPLETED 16 _for g oriLLer J.E. Fritts, Co.
DIAMETER: Top 10 inches Bortom —10__ inches TOTAL DEPTH 71.5 Feet
40 PV g3
CASING: Type Sch 40 Pve Diameter 2 Inches Length =7 Feer
- Sch 40 PVC_ 0.020" 10
SCREEN: T Size of Opening ____ Oiameter Inches - Lengtn Feer
Top 55 Feet
Rar 2e in Depth 65 Geologic Formation ___Raritan
Botiom Feet
Tai: 2iece: Diameter 2 Inches Length 3 Feet
WELL FLOWS NATURALLY Gallons per minute at Feet above surface
Wazer rises to Feet above surface
RECCRD OF TEST: Date Yield Gallons per minute

w

11,

Stz water level before pumping

Feet below surface

Pur=2ing level ' feet below surface after hours pumping
Drawdown Feet Seecific Capacity Gals. per min. per 1. of drawdown
Hew pumped ' How measured

Chserved effect on nearby wells

PERMANENT PUMPING EQUIPMENT:

Type Mfrs. Name

Goxity . _______ GPM. How Driven HP o RPM,

Cez of Pump in well Feet ~ Depth of Footpiecs in weil Feet

Cec=of Air Lineinwell —____ Feet Typeof MeteronPump Size ____Inches
USED FaR moni tori ng AMOUNT { Average Gallons Daily

Maximum _______ Gailons Daily

QUALITY OF WATER Sampie:  Yes No

Taste Odor Color Temp, OF,
LOG descriotive Are samples available? hyes

(Give cwrails on dack of shest or on mosrste sneet. If electric log was made, plesse fumish cooy.)

SOURCSZ OF DATA Woodward-Clvde Consultants
DATA CBTAINED BY _Woodward-Clyde Consultants

Date 16 Apr 81

A-180
(NOTE: Use other side of this sheet for additiona on such as log of materialis penetrated,

analysis of the water, sketch map, sketch of special casing arrangements, stc.)
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FBB Niﬂﬁ ,TBE!?&EG DIVISION OF WATER RESCURCES APPLICATION N,
PLRPOSES CMLY WELL RECORD sy TS Bt
CPS Chemical Company P.0. Box 182, 0ld Bridge, NJ
1. OWNER ADDRESS
Cwner's well No, _WCC- 12m SURFACE ELEVATION Fee:
{Above mean sea ever; .
LOCATION —
DATE COMPLETED 22 _Apr 81 oRrILLER J.E. Fritts, Co.
DIAMETER: Top— 10 inches Bottom —10__ inches TOTAL DEPTH 5.5 Feet
CASING: Type Sch 40 Pve . Diameter 2 Inches Length _ds . Foer
SCRE:N: que >cn 40 PVCSize ot Opening _0_'%20 Diameter Inches Length Feet
4
Range in Depth { Toe 5: Feet Geologic Formation Raritan
Bottom Feet ,
Taii Piece: Diamerter Inches Length Feet
WELL FLOWS NATURALLY Gallons per minute at Feet above surface
Water risas to Feet above surface
8. RECORD OF TEST: Darte Yield Gailons per minute
Static water fevel before pumping : Feet belozv surface
Pumping level feet beiow surface after hours pumping
Orawdown _____ Feet Specific Capacity Gals. per min. per 2. of drawdown
How pumped . ~ How measured
Observed effect on nearby wells
PERMANENT PUMPING EQUIPMENT: A -
Type i Mfrs, Name
Capacity G.P.M. How Oriven —____ H.P. R.PM.
Depth of Pump in well Feet Depth of Footpiecs in well Feet
Depth of Air Lineinwell ______ Feet Type of Meter on Pump Size —__Inches
usslg coR moni tor ng AMOUNT { Average ‘ Gallons Daily
Maximum________ Gallons Daity
QUALITY OF WATER Sample: Yes No
Taste Odor Color Temp.. °oF,
LOG descriptive ) - Are samoles available? A
(Give cetails on deck of sneet or on separate wneet. If electric log was maede, please furnish cooy.)
SOURCE OF DATA ___Woodward-Clyde Consultants
DATA OBTAINED 8y _Woodward-Clyde Consultants Oate 22 Apr 81 —

(NQTE: Use other side of this sheet for additio. A-182 ition such as log of materials penetrated,
analysis of the water, sketch map, sketen of special casing arrangements, etc. }
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f;f:o-‘—"“a- 1 ) STATE OF NEW JEASEY ‘~-.} : es-12236
3 . CEPARTMENT OF ENVIRCNMENTAL PRCTICTICN PEZUIT NO.
SITRDINN CIVISICN OF NATZA RESCUACES
F H 11] dilunasly APPLICATIONNO.
. . Middlesex
PURPOSES CMLY WELL RECORD COUNTY
CPS Chemical Company P.0. Box 162, 01d Sriags, NJ
CWNER ADDRESS
. Wee- 13m
Owner’s Weli No. SURFACE ELEVATION Fee:
(Adove mean sea evel)
2. LCCATION o
3. DATE COMPLETED 20 Apr 81 priLLer J.E. Fritts, Co.
4. DIAMETER: Top 10 inches Bottom inches TOTAL DEPTH 35.5 Fee:
40 PV - 44
8. CASING: Type Sch 40 ¢ Diameter _2__ inches Length Fee:
Sch 40 PVC 0.020" 10
6. SCAREEN: Type ________ Size of Opening Diameter inches Length Fee:
' T 44 e :
: op eet .
Range in Deptn 54 Geologic Formation ___R3ritan
Bottom Feet
Tail Piece: Diameter —___________ Inches Length Feet
7. WELL FLOWS NATURALLY Gallons per minute at , Feet above surface
Water rises to i Feet above surface
8. RECORD OF TEST: Date . Yield Gailons per minute
Static water leve! before pumping : — Feet beiow surface
Pumping leve! feet below surface after . hours pumping
Drawdown Feet Specific Capacity Gals. per min. per ft. of drawdown
How pumped How measured
Observed effect on nearby wells
8. PERMANENT PUMPING EQUIPMENT: : . =
Type — Mfrs, Name
Capacity G.PM. . How Driven . _ = H.P. R.P.M.
Depth of Pump in well Feet Depth of Footpiecs in well Feet
Oepth of Air Line in weil Feet Type of Meter on Pump Size Inches
: . . Average Gailons Daily
10. USED FOR monitoring AMOUNT
Maximum Gallons Daily
11. QUALITY OF WATER : Sample: Yes No
Taste ) Odor " Color Temp. of,
12 LOG descriotive i Are samples available? __ &S
(Give getails on beci of sneet or on seperste wreet. If siectric log was made, piease fumith cooy.)
13. SOURCE OF DATA Woodward-Clvde Consultants
14. DATA OBTAINED BY Woodward-Clyde Consultants Date 20 Apr 8]

(NOTE: Use other side of this sheet for addition A-184 ion such as log of materials penetrated,
analysis of the water, sketch map, sketc. 1 casing arrangements, etc.)
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STATZ OF NEW /2352y
OEPARTMENT OF SNVIRONMENTAL PROTECTICON PEIMIT NO,

-y CIVISION OF WATER RESCUACSS
At ] ,JS!
Faa \ﬁ ; B3 E ;;*‘J APPLICATION NO

<0

< ledes

zrm ZWR. 123 '—.) s > s-172:3:2
.. -

'y Midcdlesex
ey Ny COUNTY
FLRPOSES OMLY
C?S Chemical Comcany P.0. Box 162, 01d B8ridga, N
QOWNER ACDRESS
1oy HCC- 1=m
Owner’s Well No. = SURFACE ELEVATION Foe-
{Adove mean ses .avel)
LCCATION -
DATE COMPLETED 21_hor 81 oritLer J.E. Fritts, Co.
31.5
DIAMETER: Top 10 inches 8ottom 10 inches TOTAL DEPTH Eoer
38
CASING: Type Sch 40 Pve Diamerer 2 Inches Length Fee
Sch 40 PYC 0.020" ' TV
SCREZN: Type Size of Opening Diameter Inches Length Fee:
Top 38 Feet .
Range in Depth 48 Geologic Formation Raritan
Bottom Feet
Tail Piece: Diameter Inches Length Feet
WELL FLOWS NATURALLY Gallons per minute at Feet above surface
| Water rises to Feet above surface
RECORD OF TEST: Date Yieid Gallons per minute
Static water level before pumping Feet below surface
Pumping levei feet below surface after __ hours pumping
Drawdown _ Feet Specific Capacity Gals. per min, per ft. of drawdown
How pumped How measured
Observed effect on nearby weils
PERMANENT PUMPING EQUIPMENT: 7 -
Type : i Mfrs, Name
Capacity G.PM, How Oriven HP o R.PM,
Depth of Pump in well Feet Depth of Footpiece in well Feet
Oepth of Air Line in wﬁl — QT Type of Meter on Pump — Size ____Inches
. s " { Average Gallons Daily
USED FOR monitoring AMOUNT
Maximumo_________ Gallons Daily
QUALITY OF WATER Sample: Yes No
Taste Odor ) . Color Temp. o,
LOG _descriptive Are sampies available? __ Y85
{Give cecaiis on deck of sheet O on moarste sneet. If electric Iog wes maae, please fumish copy.)
SOURCE OF DATA Woodward-Clyde Consultants

DATA 08TAINED 8Y _Woodward-Clyde Consultants 21 Apr 81

Date

(NOTE: Use other side of this sheet for additic A-186 1ion such as log of materials penetrated,
analysis of the mm sketch map, sketcn or special casing arrangements, etc,)
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L. 3 £HIsTing- siza 3¢ da2zIh 33, s.s
=3 C-10 Yellow to light sand
13-23 Yellow to lizht gray sand
23-29 clay
23-38 Hard pan
30- 88'13" Coarse gTay water sand

- -
LT~ IR U — e

i e -
Py

Mo & Existing- size 6", depth S4', s.s.screen 15'
Leg 0-10 Yellow o light sand ins<ta iéd'7/15/:0 —
10-23 VYellow %o lizht gray sand Replaced 4/28/52
23-29 clay Shut-downs- 2/72, 8/73
29-30 Hard panc . :
3C- S8' 10" coarse gray water sand elay
»58'/9"- elevy ' )
No. § Existing- size 6", depth 37", s.s.sceeen 10
‘LogY 0-10 light yellow sand Installed 1912 '
10-23 1light gray sand Replaced- 7/40,8/48,11/53
23-30 clay with small portion gravel Shut-downs-2/72; 6/72
30- §7' 10" gray water sand
$7' 10" - clay
No. ~d Existing- size 8", depth 61', s.s.screen 15!
" Log: 0 -10 Brown sand and gravel Installed 1911
~i- 10-42 Lt. Brn. sand Streaks white clay Replaced 7/26,1957,1553
42-47 white - yellow clay Shut-downs-2/72,5/73
47-65 Fine to coarse 1t. brown sand :
65-71 White sandy clay
' —
No. 21 Existing- size 6", depth 52', s.s.screen 1§'
Log 0-13 Dirty yellow sand Installed 1911
13-15 Gray sand Replaced 1952, 1353
-. 15-19 gray clay : Shut-downs 2/72, §/72
19-27 Brown sand - gravel Water Sample 1/1/33
27-40 gray sand . ‘Tot.Sol" 166 ppm;”
40-41 gray clay CO3Hard. §.5 :
41-46 Brown sand Non-C034 32.5 ;
46- S1' g" gray clay Tot.Hard. 38.0 o
Ca Hard. 26.0C i
Chloride- $.0 !
A-209 Alk.M.0. | 5.5 |
Free Carb.Aecid(C0,) 69,5 f
Ta - - .
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Existing- size 13", depth 38'+

Torscil g sand

Gravel § sand

sand
S&nc, clay & gravel
S&nc, wood ¢ clay
s&nd

sand & clay balls

Sand pyrite § clay
coarse sand

CO&rse sand & clay balls
3rn. sand ¢ clay balls
muddy sand § clay
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Shuzt-dewn 2/72, 3/73
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Type - Mtrs, Name
Capacity LM, Haw Oriven “.P, R.P.M,
Depth of Pump in weil ] Depth of Footpiecs in well Fest
Dot of Air Lit;c in well Fest Type of Meter on Pump . Size w—lnches
USEb ton monitoring | AMOUNT { Aversgs Gallons Daily
: Maximum Galions Daily
QUALITY OF WATER Semple: Y e NoO
" Tam : : Oder Color . Temp, of,
LOG descristive Are samples available? Y3
(Give oweniis an cact of srewt or an MDArSTe INees. I SIELTIIC 0] wa Me0Y, plasse Fumuh eooY.)
SOURCE OF DATA Wocdward-Clyde Consultants
DATA OBTAINED BY Woodward-Clyde Consultants . Date 20 Jan 81

A-233

{NOTE: Use other side of this sheet for sdditionsl information sueh as log of materials penetrated,
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= Iad ol STATICA NEw.£3527 o L CATTRS A
it - O ‘ ‘- 53 UENT SR ENVIE SONMENTA_IBZTIZTION VPET "_'.\'3‘ - -
-~ rU“ Nl ‘l' :EQR!NE #VISICN CF WATER AESCURCES P Y
1 r S : APRLICATIZN NS,
FURFGSC . !LY WELL 820030 caunty Hiddlesay
cerza C2S Chemical Cempany "'Aéonsss 2.C. 3ex 162, Cli 2:-iize, N
WCC-3D

Cwner': el No. SURFACZ SLEVATICN Zees

1S QPR TN 88 eve.,

Sai= oy
s eATION

caTEcompLsTED 6 Jan 81 oRiLLgr J:Z. Foitts, Co.
DIAMETER: Too inches Borom inches  * TOTAL DEPTH 81 e
CASING: Type __SSh 40 PVC Diameter Inches Lengm 84 ...
SCAEZEN: Type Sch 40 Pvcs-u of Opening .0_0_2 0 Diameter 2 Inches ‘ Lenges L0 Ceet
Top 71 Femt ) )
Range in Depth { 81, f Geologic Formation P'?': =san
Sottom Feat .
Tail Pisce: Dismeter : inches Length Feet
WELL FLOWS NATURALLY Gallons per minute st Fest sbove surface
Water rises o . Feet above surface
RECORD OF TEST: Dms : Yield Gallons per minute
Static water level before pumping : ' Fest below surface
Pumping leve! feet beiow surfacs sfier hours pumoing
Orawdown Foert | Soecific Capacity Gals. per min, per f. of drawdown

How pumped ' How messured

Observed effect on neardy wells

PERMANENT PUMPING EQUIPMENT: -
Type - Mirs. Name
Canacity SPM.  MowOriven T RPM.
Deoth of Pump in well Font Depth of Footdiecs in weil Feet
Deoth of Air Lin.c in well Bost Type of Meter on Pump Size Incnes
Usso Fon _Monitering mouﬁT { Average Gallens Daily
Maximum Gallons Daily
QUALITY OF WATER Sample: Yoo . Noo—
" Tarte _ Odor Color : _ Temp. of,
LOG ___cdescriotive Are umoles availsbie? &3
(Givw GrEadis on Bact 67 Wrart or o SEerTe SrvT If aextnIe iog wias mece, puem furmnan soey.) .
SOURCE OF DATA Woodward-Clvde Consultants
DATA OSTAINED 8Y Woodward-Clyde Consultants .. - § Jan 81

(NOTE: Use other side of tnis sheer far sdditianal information such st l0a of materiais penetrated.
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DATA OSTAINED 8Y

AOR MOUTSAIRG T MERENGNETT 2 e o
,f_ - APOLIZATISN NO
FURFOSES Che WELL RECORD UNTYZ2TSo2S 2K
canzs CFS Ch mical Company ASDRESS $.2. 3ex 182, Cld Eriiza, N
Cwner s Weil No, o=~ 82 SURFACE SLEVATICN S -
~ZSATITN
~ATIcampLeTEn 22 can 81 oAlLLea J-=. Fzicts, co.
DIAMETER: Too inches Bottom inches TOTAL DEPTH 80 re
CASING: Type Sch 40 PVC Diameter Inches Langth 83 Seet
SSREIN: Tvype Sca 40 Pchan of Oocmng_ Diameter !Aadm Lengem g 10 LT
- { Top 635 Feet ; . ‘ Raz:ican
Range in Depth ' "8 . Geologic Formation el
Bottom . Feet oo
Tai Piscs: Dismeter 2 inches Length 3 — 0t
WELL FLOWS NATURALLY Gallons per minute at Feet above surface
Wazer rises t0 Feet above surface .
AECORD OF TEST: Dauw ' Yield Gallons per minute
Static water level befors pumping Feet below surfacs
Pumping leve! feet below surface afier - hours pumoing
Orawdown Feet Soecific Capacity Gals. per min, per f, of drawdown
How pumped How measured
Observed etfect on neardy weils
PERMANENT PUMPING EQUIPMENT: -
Type Mfrs. Name
Capacity SPrM, Haw Driven P, RPM,
Deoth of Pump in weil - Fost Depth of Footiecs in well Fest
Deoth of Air Line in well Fest Type of Meter on Pump Sizs Inches
USEb coR monitoring AMOUNT { Aversge Gallons Daily
_ Maximym Galions Daily
QUALITY OF WATER Semple: Yes e No
Tere Odor Color Temp. °F,
L0G _descriztive Are amoles availabie? 253
(Give OwEsiis on dect a1 APEET OF 0N MDrYTe sHeuT. If ETTNE IOy was Mece, piaese furnah cowy.)
SOURCE OF DATA Woodward-Clyde Consultants
Woodward-Clyde Consultants . oae L 2" Jan 81

A-237

(NOTE: Use other side of this sheet for sdditional information such s log of materiais penetrated,
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™ % DJEPARTMENT CF SNVIRCNMENTAL PRCTECTION PEAMIT NO
- OIVISION OF #ATER RESOLACES
FOR MONITCRING mcarionsg
r " ' R ' county_icciasax
PURPOSES ONLY WELL RECCRO
CPS Chemical Company P.0. Box 162, 01d 8ridge, No
OWNER — ADDRESS
i elal v d
Cwner's Nell No. _"CC- SURFACZ ELIVATION ‘ Tiae
. .ADOVE Mean 1es et}
LOCATION -
DATE COMPLETED 16 _Aor 81 oRILLER J-E. Fritts, Ca.
DIAMETER: Too — 10 inches Borom 10 inches TOTAL DEPTH 7.5 Feet
4
CASING: Type Sch 40 PvC Diamaeter _2__ inches Lengthn ."_s_‘-.e:
Sch 40 PVC 0.020" 2 10
SCREEN: Type . Size of Qpening Dismeter inches Length o _____Feet
Top 85 Feet :
Range in Depth 65 Geologic Formation __Raritan
Bottom Feat
Tail Piece: Diameter Inches Length 3 Fest
WELL FLOWS NATURALLY Gallons per minute at Feet above surface
Water risss to Feet above surfacs
RECORD OF TEST: Date . Yield . Gailons per minute
Static water levei before pumping ; Feet beiow surface
Pumping level — feet beiow surface sfter hours pumping
Drawdown ‘ Fest Soecific Capacity _______ Gals. per min. per ¢, of drawdown
How pumped How messured
QObsserved effect on nearby weils
PERMANENT PUMPING EQUIPMENT: ' -
Type N Mfrs. Name
Caoacity G.P.M. How Driven H.P. RPM.
Deoth of Pump in well ‘ Sest . Depth of Footpieca in well Fest
Depth of Air Lineinwell —_____ Fest Type of Metsr on Pump Size e __Inches
Aver Gsilons Daily
USED FOR monitoring AMOUNT "
Maximum Gallens Dasiy
QUALITY OF WATER Semple: Yes o NO e
Taste _ Odor ‘ Color _ Temo. °F,
LOG ___descriptive _ Are sampies available? yes
(Give awtails an deck of hest or on MDEreTs shest. 1 secTIIe 10g was Mede, Dleess fumish cooy.)
SOURCE OF DATA Woodward-Clyde Consultants
DATA OBTAINED By Woodward-Clyde Consultants Oate 16 Apr 81
A-239

(NOTE: Use other side of this sheer for additional information such s log of materials penetrated,
analysis of the weter. sketch mao. sketch of pecial cazing srrengement, stc.)
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e

DEPAATMENT OF ENVIRCNMENTAL PRQTECTICN peaMIT NO.

OiVISION OF WATER RESOURCES

£3R MONITORING

L:BFUSES UNLY WELL RECORD ouNTy_eiiesex

P.0. Box 162, 01d Bridce, N

CPS Chemical Company

OWNER ADORESS
Swrers Men No, _C27 10T SURFACE ELEVATICN 1
(ADOW Meen s evey
LOCATION o
DATE COMPLETED 22 Apr 81 oriLLER J.E. Frites, Co.
OIAMETER: Too—10_ inches Bottom 'O inches TOTAL DEPTH_36.3 Feet
CASING: Type Sch 40 PvC Diamaetsr 2 inches Length _i_= eet
SCREEN: Type Scn 40 Pvcssz- of Opening 0._020" Oiameter _2 Inches Length 9 Feet -
Range in ODepth { ::tm i— ::: Geologic Formation Raritan
Tail Piecs: Dismeter Inches Length Feet
WELL FLOWS NATURALLY Gallons per minute at : Feet above surface
Watsr rises to Feet sbove surface
RECORD OF TEST: D Yield Gallons per minuts
Static water level before pumping Feet beiow surface
Pumping level feet below surface after hours pumping
Drawdown Feet Seecific Capacity Gals. per min, per ft. of drawdown
How pumped How measured
Observed effect on nearby wells
PERMANENT PUMPING EQUIPMENT: N
Tvpe i Mtrs. Name
Caoacity G.PM. How Oriven ' : HP, ———  RFPM
Oepth of Pump in well Fest Depth of Foatpiecs in weil Feat
Deoth of Air Line in well _ Feet Type of Metsr on Pump Si28 e inChes
usED FOR ____monitoring AMOUNT { Aversge — Galtons D'f'v
MaxXimum e Gailons Daily
QUALITY OF WATER Semple: Ye$ e No
Taste Odor : Color — Temp. oF,
LOG descriptive- Are samoles available? Y es
(Give detacis on beck of shewt or on mBerses hewt. | HECTriS jog waa mede, plewss fumish cooy.)
SOURCE OF DATA ___Woodward-Clyde Consultants _
DATA OBTAINED 8y _Woodward-Clyde Consultants Date 22 Apr 81 -
A-241

(NOTE: Use other side of this sheet for additionsl information such ss log of materials penetrated,
howie nf the ekroveh man tiereh nf enarial casine arrancements. etc. |
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T req Datum used s
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FOR MOMITGRIM
PURPOSES ONLY

CPS Chemical Company

OEPARTMENT OF ENVIRCNMENTAL PACTECTICN

§TATE CF NEW .ERSEY
seamiT NO.

OIVISION OF WATER RESCURCES
APPLICATICN NO

CaUNTY Midalagex

WELL RECORD

P.0. Box 162, C1d Sridge, NJ

CWNER ADORESS
uﬁﬂ- ]Zm
Swrer's Wert No. "= SURFACE SLEVATICN .
\AOQve Mesn ree evei}
LCCATION -
DATE CIMPLETED 20 Apr 81 oRriLLer J.E. Frites, Co.
DIAMETER: Too 10 inches Bottom 10 inches TOTAL DEPTH 55.3 Feer
- 44
CASING: Type Sch 40 PVC Dismeter Inches Langth Feet
Sch 40 PVC 0.020" 10
SCREEN: TYP® e Size of OPENING e Diamete! e Inches Length Feet
44
Top Feet :
Range in Depth 54 Geologic Formation Raritan
gottom e Fest
Tail Piecs: Oiameter inches Length _Foot
WELL FLOWS NATURALLY Gallons per minute at Feet above surface
Water rises t0 Feet above surface
RECORD OF TEST: DOae Yield Gallons per minute
Static water level before pumping Feet Delow surface
Pumping level feot beiow surface after hours pumping
Drawdown Feet Specific Capacity Gals. per min, per ft. of drawdown
How pumped How messured
Obsarved effect on neardy wells
PERMANENT PUMPING EQUIPMENT: -
Type - . Mfrs. Name
Capacity G.PM. How Driven M RPM.
Oepth of Pump in well font Depth of Footpiece in well Feet
Depth of Air Line in well Fest Type of Meter on Pump Si28 e [nChes
- : Aversge : Gallons Daily
USED FOR monitoring AMOUNT 4
Maximum — . Gailons Daly
QUALITY OF WATER Semple: Yes No
Taste Qdor Color Temp. e OF.
LOG — riptive Are samoles available? 2 es
[Give Gutalle O Oock 57 NOTT OF O SIDSSEs IOTL [1 WETTG /09 wal Mece, piease Rurnish eesy.)
. SOURCE OF DATA Woodward-Clyde Consultants
20 Apr 81

DATA OBTAINED By _Woodward-Clyde Consultants

A-243

(NOTE: Use other side of this sheet for additions! information such 88 log of materiais penetrated,
_ snalyws of the water, sketch meo, skereh of specisl CaEING SFTENGEMENts, tS.)
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DEV

CEPARTMENT OF ENVIRONMLNTAL PROTECTION

DIVISION OF WATER RESOURCES

BUREAU OF GROUND WATER MANAGEMENT

PROJECT CPS-Madison PURPOSE .

LOCATION East of Pond

TYPE OF DRILLER

BORING NO, wel

ELEVATION
DATE STARTED 10/20/32

WATER LEVEL

DRILLINGHgllow stem Auyger M. Larason

HELPER

J. Curran

DATE FINISHED 10/20/82

DATE

INSPECTOR
GZOLOGIST

TIME

——

OR

e ———————

FLLVe SAMPLE

ATION

SPOON BLOW
¢° oz,

CASING
BLOWS /
FooT
No.

DEPTH
PR

WELL
DESIGN

0° rrzv. =

CLASSIFICATION '/

REVARKS

~
w
1

A

Threaded 2" P

pipe and scre:
20 slot
No Samples Ta

L 3

Lt il

20"
2073 %0c

A-245
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CEPARTVENT OF ENVIRON! TAL PROTECTION e

‘DIVISION OF WATEK RESOURCES BUnING NO.  Well is7-2
BU2ZAU OF GROUND WATER MANAGEMENT ELEVATION

DATE STARTED 10/27/82

PROJECT CPS-Madison PURPOSE Monjgor DATE FINISHED :1q/-+/

it

LOCATION East of Pond WATER LEVEL DATE T

By
e
-

4 O

TYPE OF DRILLER HELPER INSPECTOR OR
DRILLING Hollow Stem Auger H. Larason J. Curran GEOLOGIST

ILZVe SAMPLE
ATION

WILL CLASSIFICATION '/ REVAAKS

SPOON BLOW DESIGN *0° mv. -

¢° PENE.

BLOWS/

roor
uo.

TYeR

CASING

DEPTH

Threaded 2" PV
4 pipe 20 slot P
screen,

No Samples Tak:

2" . * .
PVC
Pipe

[ I |
i
.

10~

e

3= : 2"
PVC
creer
20
slot

|

3

A-246
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CEPARTMENT OF ENVIRONM .TAL PROTECTION o
DIVISION OF WATER RESOURCES BORING NO. well =§7-.
BUREAU OF GROUND WATER MANAGEMENT ELEVATION
_ DATE STARTED 10/2°/82
progect _ SZ3Madison PURPOSE DATE FINISHED 10/27/82
LOCATION _Saurh of pand WATER LEVEL ______ 'DATE _____ TIut
TYPE OF . DRILLER HELPER INSPECTOR OR
DRILLING Hollow Stem Auger H. Larason M. Rvyan : GEOLOGIST
ELZV={. SAMPLE
Aot 2w | . . wELL cmsinuy:ou ' REVARKS
E-1 - |[288|g| & |sroon swow DESIGN 0° LIV, e
g Ay = | 6" PENE.
- f— T * .
- am - d 2" PVC Pipe
- _ screved and ¢
- ; T{c 10' 20 slot:
g pe . No Samples -
10—
15
20~ 3 Tofc
“ 2" PVC
: screen
-
25—
o
’-
-
s- * -
- <
- A-247
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ANALYTICAL RESULTS (PRIOR TO 1988)
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RANGE OF CONSTITUENTS DETECTED IN ALL WELLS (ppb)

Zinc Lead Cadmium
Wells Low Date High Date pLow  Date High Date Low  Date High Date
M-1 6340 11/75 625000 9/12/77 2 10/75 5585 5177 11 4/76 1700 9/12/77
6500:  11/75 1660000  10/77 L9477 948 3/87 28 5/77 2010 3/82
M-3 220 S/83 - 27250: 9/24/75 S roanaum 76 10/77 2 +10/77 - - 4l 4/76
M4 80. 5/83 . 36250 8/75 1. 9124175 16 8/76 1 11/75 ‘16 8/75
M-5 100 51717 4200 8/75 .2 9124775 24 8/76 2 11/75 12 8/75
3410 11/88 17000 5/83 -5 3/87 14 11/88 15 3/87 130 5/85
360 10/79 97700 8/77 4 Y177 360 10/79 1 9/6/77 10 8/77
328 8/77 - 800 91277 9 91277 . . 328 8/77 2 877 . 6 9127
1225  9/6/77 3100 9/12/77 - 16- 9/12/77 . 110~ 10/77 5 9/6/77 .9 8/77
4830 . 3/82 515000 5175 S 3/87 -7 10/77. . 5. 3/87 41 921
199 9/6/77 45000 5/83 3. 9/24/75 - - . 18" 3/87 "1 & 5/85 1t 5175
. 216 3/82 . 3250 6/75 3 175 117 9/6/77 2 11/75 6 6/75
1050 . 6/75 ~ 20050.. 5175 8 *10/77 82 5/75 1T (91277 25 5175
. 167 9/6/77  -.7440. 5175 3. 9/24/75 18400 4/76 1 8/76 26 5175
217..  9/6/77 2600 9/24/75 5 6/75 69 11/75 1 4/76 13 5175
214 9/6/77 3450 11/75 RNy 15 9/6/77 1 11/75 17 5175
- 430: 11775 . 1120 5/75 - 10 5177 103 5/75 1 @8/76 -5 9124175
. 1600 6/75 2400 5/75 6 6/75 14 5/75 10 6/75 17 5175
NO.2 465 10/77 465 10/77 S B o o
4960 5/75 78750 2/74 -3 5175 41 5/85 2 10/77 31 5/75
360 5/76 5300 4/76 2. 5/76 3. 4/76 S | 576 .. 3. 4/76
-10 - 476 - . 10 4/76 L2 6/76 3. 4/76 . 3 6/76 70 4/76
962 3/82 8125 5/85 63 5/85 342 3/82 1 5/85 = 5/85
1250 /82 1250 3/82 34 3/82 34 3/82
97000 5/83 156000 3/82 2 4/76 6920 3/82 '3 4/76 126 3/82
\' - 404 3/82 . 1200 4776 3 4/76 3 4/76 21 4/76 .21 4/76
562 . 3/82 © 562 3/82 24 3/82 24 3/82
428 11/88 586 3/82 13 11/88 - 30 3/82
423 3/82 - 635 11/88 1.4 11/88 74 . 3/82 6. 3/82 6 3/82
1310 11/88 1310 11/88 . R ' ‘
. 428 3/82 428 3/82 51 3/82 = Sl 3/82 21 382 - 21 3/82
424 11/88 - .447 3/82 40. 3/82 - 40 3/82 9. 3/82 9 3/82
35t 3/82 403 11/88 BEE 11/88 - 71 3/82 SR
950" 3/82 /950 3/82 - 30 3/82 .0+ 30" 3/82 8 3/82 8. 3/82
3820 3/82 3820 3/82 203 3/82 203 3/82 7 3/82 7 3/82
. 288 3/82 : 288 3/82 L
486 3/82 . 820 11/88 1.4 11/88 22 3/82 6 382 -6 3/82
259 . 11/88 1180 3/82 -7.8. 11/88 74 3/82 M- 3/82 £ 3/82
1040 3/82 - 1040: 3/82 206- 3/82 206 - 3/82 12 3/82 12. 3/82
1610 3/82 - - 1610 3/82 30 3/82 30: 3/82 19 3/82 19 3/82
1800. 5/83 ..5415 3/87 5 3/87 - 78 3/82 5 3/87 6 3/82
1988 - 3/87 . 3900 5/83 5 3/87 -5 3/87 5 3/87 -5 3/87
11200 3/82 . 11200 3/82 . 407 3/82 - - 40.. 3/82 22. 3/82 22 3/82
1 6970 11/88 110000 5/83 2.5 11/88 .61 3/82 4 3/82 S 3/87
390 5/83 16400 11/88 3.8 11/88 105’ 3/82 3 3/82 5 3/87
998 3/87 5500 3/82 =8 387 . .. 9% 3/82 -5 3/87 11 3/82
- 21 11/88 892 3/82 39 11/88 . 54: 3/82 4 3/82 0 4 3/82
174 11/88 - 180 5/83 32 11/88 ! 3/82
WCC-148 161 3/82 800 5/83 T 3/82 ! 3/82 11 3/82 11 3/82
WCC-15SE 30 5/83 216 3/82 78 3/82 78 3/82 4 3/82 4 3/82
A 750 5/83 750 5/83 o o
WCC-15D 149 3/82 -149. 3/82 71 3/82 " 3/82 9 3/82 9 3/82
Wel 170 5/83 7100. 11/88 2.8 11/88 84 3/82 3 3/82 3 3/82
L-1A - 1 4/73 10 3/73
L2 25 3/73 25 3/73 )
L-3 o 5 4/73 7 373 . .
: 250 4/73 15000 5/73 4 11 373 1. 3/73 2 573
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RANGE OF CONSTITUENTS DETECTED IN ALL WELLS (ppb) (Continued)

Wells

Low

Zinc

Date

Lead

Date

Date

Low

Cadmium

Date

High Date

L-5

1507

4/73 -

High

High

373

2 3/73

T-1

3/87 -

-3/87 |

375

5/85

5/85

28540

11/88

11/88 ... .

i &

11/88

12

1694 3/87

11/88

11/88 -

RS

11/88

11/88

11/88

-7

11/88

17

11/88

17 11/88

11/88 -

11/88 -

11/88 7

11/88

11/88 . . = -

11788

11/88 - -

11/88

- 2140 |

11/88 -

47

11/88 -

945 -

11/88

098

11/88

11/88 -

151

11/88

55

. 11/88

11/88 .

108

11/88

si8s_

5/85

5185

5/85 .

1 5/85

47

11/88

3/87

11/88

3/87

3/87

5 3/87

11/88

11/88

.26

11/88 .~

11/88

11/88

11/88 .

) &

3787

3/87

3/87 -

3/87

3/87

5 3/87

NOTES: When HIGH=LOW, only one sample was taken
"SAY-PRO A" and "PA-05" wells are production wells

Shaded wells represent selected wells ’

* = Well D also had a low of 8 on 5/75

# = Well L-5 also had a low of 4 on 4/73

+ = Well M-3 also had a low of 2 on 5/77 and {1/75

& = Well B also had a low of 1 on 11/75
@ = Well H also had a low of 1 on 11/75

a = two readings were averaged to obtain this value
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Copper Methylene cloride 1,1,2,2-tetrachloroethane
Wells Low Date ~ High Date Low  Date High  Date Low Date High Date
1983 2800 1982 LS 12/78 73 12/78 1.1 12/78 10 10/79
- 1987 240007 1988 16 11/88 = 160 10/79 54 10/79 54 10/79
1983 © 1201983 120 4/76 83000 10/79 240 12/78 4510 10/79
1987 o 8% 1987 i o 13 12/78 1.3 12/78
1987 33 1987 120 12/78 1.2 12/78
1983 56821987 -430 11/88 430 11/88 . -
: et -850, 9/12/77 67000 10/79 8000 12/78 8430 10/79
T 2.4 12/78 24 12/78
1987 60 1983 L1000 10079 482 10/78 0.7 12/78 13.7 10/78
. 1985 - 1571987 1400 5/85 391000 10/78 49 5/85 8400 12/78
1982 - 16 1982 4.8 7/78  4.8. 7/78
' 04 7/78 0.4 7/78 0.4 12/78 . 04 12/78
17 10/79 1710/79 1.6 12/78 1.6 12/78
NO.1. 257 10/78 257 10/78 3.3 12/78 3.3 12/78
171 1985 a - 171 1985 4.6 10/78 -42 778
’ 1.7 10/78 1.7 10/78
- L - - 7.2 10778 7.2. 10/78
.11 1985 13.1982 1230 10/78 1230 10/78
B .35 1982 .. 35-1982 2.4 3/82 21330 10/78 1677 10/78 1677 10/78
NO.12 536001982 53600 1982 1200 5/85 17000 3/82 i v o
4 - ‘ o L 94. 5/85:. - 94  5/85
E 130 7/78 .14 10718 |- :
NO.18 - _ s 2.7 10/78 2.7 10/78
: . 211982 - 21 1982 :
/48 1982 66. 1988 S I 3/87 11 3/87
33:1988 - .56 1982
33 1988 . 84 1982
301988 - 56 1982
©33.1988 . -43 1982
: 1571982 - 157 1982 Tl
WCC-5S .25 1982 25 1982 Co S
WCCHS 65- 1988 a ~ 105- 1982 3845 3/82 3845~ 3/82
331988 . 2561982 E
1982 . 91 1982 n L
§. 1982 87471982 9.8 3/82 -..9.8 3/82
1987 . 10171982 T T
1987  -'6900.: 1983 680" 3/87 - 680 3/87
1982 28501982 - 218 3/82 218  3/82
1987 . 9771982 B -
1987 172 1982 : e
1988 91 1982 960 3/87 960 - 3/87
.3 1988 8.3 1988
WCC-14S 58 1982 58 1982 o
WCC-15SE 61 1982 61 1982 34 3/82 18000 5/85 63 5/85 63  5/85
140 1982 140 1982 26.7 3/82 26.7 3/82 203 3/82 203  3/82
74 1982 74 1982 1.9 3/82 7.9 3/82 30 3/87 30 387
A-251
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Wells

Copper

Date

High Date

Methylene cloride

Low = Date

High

Date

1,1,2,2-tetrachloroethane

Low

Date

High

Date

L-5

T-1

1983

24230 1987

69 5/85

140

3/87

5/85

3

5/85

1988

2+.-18; 1988

Ry /87

-2

3/87

3/87

.2

3/87

- 1988

37 1988

.59 3/87 . .

59

3/87

.. 1988

& 1988

12

11/88

12

11/88

1988

55

T ‘ .5:.5,“: 1988

111988

- 11" 1988

11/88

39

11/88

1 1988

11 1988

.39

16

1988

161988

- 59

11/88 -

50

11/88

SAY-PRO A|.

. 1985

42 1985

PA-05

FB-1

1987

15 1987

FB-2

- 1988

5.5 1988

FB-3

FB4

TB-1

1987

TB-2

15

Z. 15 1987

TB-3

26 11/88

26 11/88

TB4

MB

T2 387 3100 382
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1,2-dichloroethane " [1,1-dichloroethane {,1-dicholorethene Carbon tetrachloride
Wells Low Date High Date Low Date High Date Low Date High Date Low Date High Date
M-1 6.5 3/82 65 3/82
53 3/82 88 11/88 o
M-3 e Lo 13 4/87 - 13 4/87

11/88 - 670" 11/88

3/82 68 3/82 640 4/87 640 4/87 92 3/82 92 3/8

4/87 210" S/85 © 14 5/85 14 5/85 3 5/85 3 5/85 6.5 5/85 6.5 5/85

NO.1

15 5/85 15 5/85

123 3/82 12.3. 3/82

. 770 5/85 4200 3/82 2 5/85 . 117 3/82 3 5/85 3 5/85 1750 3/82 1750 3/82

15 3/82 .15 3/82

68 11/88 140 4/87

16 3/82 16 3/82 15 3/82 15: 3/82

5.8 3/82 - 58 3/8

WCC4S

54 382 440 3/82 102 3/82 206 382 69 3/32 4480 3/82

104 3/82 104 3/82

28 11/88 28 11/88 T
169 3/82 169 3/82 ‘ 173 3/82 17.3 3/82

WCC-9S 17 4/87 17 4/87
1200  4/87 1200+ 4/87
WCC-9D .69 3/82 .69 3/82 ’ '
12: 4/87 158" 3/82 ' - 25.5 3/82 255 3/82
22.6 3/82 28 11/88 ' ‘ 1.1 3/82 1Ll 3/82
8§ 3/82 8 3/82
80 11/83 1200 4/87
WCC-14S
WCC-15SE 106 3/82 2000 5/85 1.7 3/82 22 5/85 6 S5/85 6 5/85 49 3/82 49 3/82
V 120 4/87 120 4/87 :
WCC-15D 244 3/82 244 3/82 4.5 3/82 45 3/82 60 3/82 60 3/82
L-2
13 A-253




13 11/88

1,2-dichloroethane 1,1dichloroethane 1,1dicholorethene Carbon tetrachloride
Wells Low Date High Date Low Date High Date Low Date High Date Low Date High Date
208 5/85 208 S/85 . 400 4/87 . 400 4/87
22. 4/87 . 227 4/87 L -
24 11/88 24 11/38
1301188 | oot

1

' n|m :
w|w
[

A-254



Bromoform Benzene Toluene
Wells Low Date High Date “‘Low Date High Date Low Date High Date
4.2 0 3/82 42 3/82 57 3/82 57 3/82
M-3 22 4/87 22 4/87 .6 4/87 6 4/87
M4
M-5
18 3/82 18- 3/82 - 4.5 3/82 . 4.5 3/82 98 3/82 9.8 3/82
. ‘ 60 4/87 60 4/87 20  4/87 29 4/87
: 6 4/87 6 4/87
NO.2 o
3 18 5/85 19 5/85
1l 3/82 11 3/82 3.8 3/82 3.8 3/82 2.5 3/82 .2'.5 3/82
2600 3/82 2600 3/82 . 655. 3/82 .--655 3/82 .2130°. 3/82 2130 3/82
2 3/82 -2 382
‘Wce4s -
WCC-58 2 sl 3 3/82 :-194 3/82 ”68 . 3/82 68 3/82
: 205. 3/82 205 3/82 ©3/82 - 125 3/82 314° 3/82 795 3/82
i Lo . 4/87 T 4187 S
. /82 82 3/82 S }
; - 124 3/82 124 3/82
WCC-98 Lo C
WCC-9D : o L o :
.32 3/82 : 3/82 7.6 3/82 ‘94 4/87 58 3/82 T 4/87
131 3/82 131 3/82 3.3 382 3.3 3/82 9.1 3/82 9.1 3/82
1.1 3/82 1.1 3/82 o e
120 11/88 320 4/87 © 290 11/88 3000 4/87
WCC-14S ‘
WCC-15SE 97 3/82 97 3/82 203 3/82 190 4/87 42 3/82 700 4/87
. . . 5 4/87 5 4/87
WCC-15D 73 3/82 73 3/82 15.1 3/82 151 3/82 45 3/82 45 3/82
L-1A
L2
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Wells

Bromoform

Low Date High Date

Benzene

Low Date High Date

Toluene

Low Date

High Date

L-S

. 5/85 .- 3%

5/85

0.6

382 0.6

3/82

o 4/87

t 4/87

4/87 - 310: 11/88

. 850 4/87

980 11/88

79

11/88

- 79 11/88

-~ 63. 11/88

- 62

11/88 -

62 11/38

22 11/88

22 11/88

SAY-PRO A

Lt x l:‘gg 5/85 ot

11 5/85

PA-05

T 4187

FB-1

FB-2

FB-3

FB4

TB-1

TB-2

TB-3

87 o1

4/87

TB4

MB

-6 4/87

T 6 487
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Bis(2-ethylhexyl)phthalate 1,2-dichloropropane Chlorobenzene
Wells Low Date High Date Low .Date High Date Low Date High Date
M1 — — :
17 4/87 17  4/87
2.2 3/82 22 382
-"3.8 5/8 3.8 5/85 110:. 4/87 300 5/85
B 29 3/82 .29 3/82 S o
NO.12 10 5/85 375 3/82 269 3/82 300" 5/85
3/82 L :
3/82 - 6 3182 6 3/82
3/82 '
. 3/82
3/82 ERTER L
WCC-58 © 129 3/82 129 3/82 o S
A 3/82 101 . 3/82 U122 3/82 "32. 3/82 . 115- 3/82
3/82 .32 3/82
3/82 e )
3/82 3/82 - .34 3/82 3.8 3/82 ..3.8 3/82
3/82 v _ . .
3/82 42 3/82 .42 3/82 45 3/82 | 65 4/87
900 4/37 1100 11/38
WCC-148 |
WCC-15SE 11.6 3/82 24 5/85 100 5/85 580 4/87
TWCC-ISD 17.2  3/82 17.2 3/82 39 3/82 39 3/82

L-2

L-3
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Bis(2-ethythexyl)phthalate 1,2-dichloropropane Chlorobenzene
Wells Low Date High Date Low Date High Date Low Date High Date
290 4/87 460 11/88
. 22 11/88 22 11/88
290. 11/88 290 11/88
59 11/88 ~ -59 11/88
T 580 11/88 _ 580 11/38
SAY-PRO A} . .. = .
PAOS |-
FB-1
FB-2
FB-3
FB4  |....7 e
TB-1
TB-2 Lo
TB-3
TB4 e '.:_:::f”’: =
MB 600 3/82 - 60 3/82
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Trans-1,2-dichloroethylene Ethylbenzene Total xylenes 1,1,1-trichloroethane
Wells Low Date High Date Low ©Date High Date Low Date High Date Low Date High Date
M-1 ' - ‘ S 2.6 3/82 26 1382
L 17 3/82 17 3/82 10. 3/82 100 3/82 3.7 3/82 37 382
M-3 . 300 4/87 - -.30: 4/87 L B
M4 E L
M-5
264 3/82 264 3/82 39 3/82 39 382 94. 3/82 94 3/32
4/87 - 110 4/87 22 4/87 22 4/87 -
NO.2
2 382 12 382 753 382 53 IR — < )
NO.12 925 3/82 925 3/82 330 3/82 330 3/82 1190 3/82 1190. 3/82 . 38. 3/82 38 3/82
Ta87 - 32 4581 |-
3/82 .- .. 3/82 -5 S v
3/82 - 185 3/82 60 3/82 82 3/82 116: 3/82 185 3/82 56 3/82 2200 3/82
3/82 3/82 L L
B 3/82 ;  3/82 3/82 .. 54. 3/82 0720 382 7.2, 3/82
WCC-9S Lon ilil]
WCC-9D L e . 27 3/82 27 3/82
o 4/87 w310 3/82 6.4 3182 . 16 4/87 6.8 . 3/82 6.8: 3/82
3/82 b 3/82 -6, 3/82 6. 3/82 - 93 3/82 9.3 13/82
3/82 5. 3/82 S s :
4/87 16000 4/87 50 11/88 50 11/88
WCC-148 . .
WCC-15SE 131 3/82 131 3/82 14.1 3/82 68  4/87 42 3/82\ 42 3/82
WCC-15D 41 3/82 41 3/82 124 3/82 124 3/82 30 3/82 30 3/32
L-1A
L-2
L-3
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Trans-1,2-dichloroethylene Ethylbenzene Total xylenes 1,1,1-trichloroethane
Wells Low Date High Date Low Date High Date Low Date High Date Low Date High Date
T-1

4 487 4 487

46 4/87 46 4/87

- 72 4/87 - 87 11/88

- 26 11/88 26 11/88

- 10 11/88 .10 11/88

12 11/88 12 11/88

12 11/88 12 11/88

. 40 11/88 - 40 11/88

SAY-PRO A

PA-05

FB-1

- FB-2

FB-3

FB4

TB-1

TB-2

TB-3

0.9 4/87 0.9 4/87

TB4

MB.
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Trichloroethylene Crysene 1,3-dichlorobenzene 1,4-dichlorobenzene
Wells Low Date High Date Low - Date High Date Low Date High Date |Low Date High Date
24 3/82 24 3/82
14 11/88 20.3- 3/82 e
.7 487 - T 4487
M-5 - .
80 11/88 80~ 11/88
72 4/87 72 4/87
2.3, 3/82 23 3/82
1230 3/82 1230 3/82
197 11/88 -~ 38 . 3/82
WCC-58 Ny R
3/82 3/82 - 24 3/82 21 3/82 2t 3/82 21 3/82 21 /82
- 4/87
WCC-98 S R
3 190 4/87 - 190 4/87
WCC-9D 5.3 3/82 53 3/82
129 382 129 382
WCC-148
WCC-158
W 17  4/87 17 4/87
L-2 A-261




Trichloroethylene Crysene 1,3dichiorobenzene 1,4-dichlorobenzene
Low Date High Date Low "Date High Date Low Date High Date |Low Date High Date
47 4/87 - - 4T 4/87
6. 4/87 - -6 4/87
10 11/88 10, 11/88
38 11/88 38 11/88
59 11/88 59 11/88
SAY-PRO A
PA-05
FB-1
FB-2
FB-3
FB4
TB-1
TB-2
TB-3
TB4
MB
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Wells

Hexachlorobenzene

Hexachlorobutadiene

n-Nitrodiphenylamine

Benzidene

Low Date High Date

Dimethyiphthalate

Low Date High Date

M-1

Low Date High Date

Low Date High, Date

Low Date High Date

M-5

NO.2

182 3/82 182 3/82

208 3/82 208 3/82

NO.18

WCC4S

- 73 3/82 -

24 382 471 382

53 3/82 53-3/82

73 3782 2% 382 26 382
WCC-95
34 382 34 82

] - . 93 382 93 382
WCC-14S
WCC-15SE
'WCC-15D
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Wells

Hexachlorobenzene

Hexachlorobutadiene

n-Nitrodiphenylamine

Benzidene

Dimethylphthalate

Low Date High Date

L-5

Low Date High Date

Low Date High Date

Low Date High Date

SAY-PRO A| ..~

PA-05

FB-1

FB-2

FB-3

FB4

TB-1

TB-2

TB-3

TB4

MB

A-264



'

bis(2-chloroethoxy)
methane

Naphthalene

Low Date -High Date

Nitrobenzene

Low Date High Date

n-Nitrosodi-n-
propylamine

2-chloronaphthalene

Low Date High Datc

Low Date High Date

Low Date High Date

NO.12 41 .3/82 . 41 3/82

AT 382 4l 382

182 3/82 182 3/82

182 3/82 182 3/82

102 3/82 102 378,

'WCC-5S

WCC-9S

WCC-14S

WCC-15SE

'WCC-15D
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bis(2-chloroethoxy)

methane

Naphthalene

Nitrobenzene

n-Nitrosodi-n-
propylamine

2-chloronaphthalene

Low Date High Date

Low Date High Date

Low Date High Date

Low Date High Date

Low Date High Datc

SAY-PRO A

PA-05

FB-1

FB-2

FB-3

FB4

TB-1

TB-2

TB-3

TB4

MB
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Chloroform Acenaphthene Acenaphthylene Hexachlorocyclo- Vinyl cloride
pentadiene
Wells Low Date High Date |Low Date High Date |Low Date High Date |Low Date High Date |Low Date High Date

M-1

M-5

-7 4/87 7 4/37

NO.1

NO.2

T 585 1 /85

125 /82 125 3/82

WCC-5S

11070 3/82 1070 3/82

23 382 23 382

. 46-3/82 46 3/82

182 3/82 184 3/%2

T ais7 7 487

WCC-145

WCC-15SE
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*

Chloroform Acenaphthene Acenaphthylene Hexachlorocyclo- Vinyl cloride
pentadiene
Wells Low Date High Date |Low Date High Date |Low Date High Date |Low Date High Date |Low Date High Ds'«
L-5 f'n:f : . . : - . .
T-1 2.5/85 - .2 5/85

4 4/87 4.4/87

1/88

11. 1/88 11

SAY-PRO A

PA-0S5

FB-1

FB-2

FB-3

FB4

16 4/87 16 4/87

TB-1

TB-2

- 31 4/87 - 31".4/87

TB-3

TB4

6 487 6 487

MB
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Chloromethane Trichlorofluoromethane 1,2-dichloroethane Tetrachloroethene
' (total)
Wells Low Date High Date |[Low Date High Date |Low Date High Date |Low Date High Date

M-1

M-5

220 5/85

2 47 2 4/87

220 5/85

NO.1

500 5/85 500 5/85

WCC-9S

‘WCC-9D

400 11/88

400 11/88

WCC-148

WCC-15SE

1600 5/85 1600 - 5/85

9 4/87 9 4/87

WCC-15D

L1A

L-2
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Chloromethane Trichlorofluoromethane 1,2-dichloroethane Tetrachloroethene

(total)

Wells Low Date High Date |Low Date High Date |(Low Date High Date |Low Date High Date
a8 11/88 48 11/88

........ 10 11/88 10 11/88

34 11/88 . 34 11/88 18 11/88 18 11/88
56 11/88 56 11/88 24 - 11/88 24 11/88

SAY-PROA| -~ . . o .

PA-05 3. 4/87 3 4/87

FB-1

FB-2

FB-3

FB4 | . e e

-t | - S e

TB-2

TB-3

TB4 S

MB 2 4/87 - 2 4/87
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‘,
g

Trichloroethene

Low Date High Date

1,3-dichloropropene

Low Date High Date

48 5/85 48  5/85

6. 5/85 6 5/85

NO.1

120 5/85 120 5/8S

WCC-9S

WCC-14S

WCC-1SSE

340 5/85 340 5/85
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Wells

Trichloroethene

1,3-dichloropropene

L-5

Low Date High Date

Low* Date High Date

33 5/85 . 33. 5/85

SAY-PRO A

PA-05

FB-1

FB-2

FB-3

FB4

TB-1

TB-2

TB-3

TB4

MB
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APPENDIX A-8. COMPLETE ANALYTICAL RESULTS OF 1990 SAMPLES

Method
. Detection
Parameter Units Limit CPS-DW-5D CPS-DW-5S CPS-WCC-5S CPS-WCC-6M CPS-WCC-6S CPS-DW-7D CPS-DW-7S CPS-DW-8D CPS-DW-8S CPS-WCC-11M CPS-DW-12
i Collection Date 3/21/90 3/21/90 3/21/90 3/721/90 3/21/90 3/721/90 3/721/90 3/21/90 3/21/90 3/21/90 3/721/90
VOLATILE ORGANIC COMPOUNDS
Chloromethane ug/L 10 10 10 10 10 . 10 10 10 10 10 10 10
Bromomethane ug/L 10 10 10 10 10 10 10 10 10 10 10 10
Vinyl Chloride pua/L 10 10 10 10 10 10 10 10 10 10 10 10
Chloroethane ua/L 10 10 10 10 ° 10 10 10 10 10 10 10 10
Methylene Chloride ug/L 5 5 5 5 5 5 5 5 5 5 5 5
Trichlorofluoromethane ng/L 10 10 10 : 10 10 10 10 - 10 10 10 10 10
Acrolein ng/L 100 100 100 100 100 100 100 100 100 100 100 100
Acrylonitrile ug/L 35 : 35 35 35 35 35 35 35 35 35 35 35
1,1-Dichloroethene ug/L 5 "5 5 5 5 5 5 5 5 5 5 5
1,1-Dichloroethane ro/L 5 5 5 5 5 5 5 5 5 5 5 5
1,2-Dichloroethene (total) ug/L 5 5 5 5 4 5 5 5 5 5 5 5
Chloroform Ha/L 5 5 5 5 5 5 5 5 5 5 5 5
1,2-Dichloroethane ug/L 5 5 5 5 5 5 3 5 5 5 5 5
1,1,1-Trichloroethane ug/L 5 5 5 5 5 5 5 5 5 5 5 5
Carbon Tetrachloride . ug/L 5 5 5 5 5 5 5 5 5 5 5 5
Bromodichloromethane pg/L 5 5 5 ] 5 5 5 5 5 5 5 5
3 2-Chloroethylvinylether png/L 10 10 10 10 .10 10 10 10 10 10 10 10
1 1,2-Dichloropropane ug/L 5 5 5 5 5 5 5 5 5 5 5 5
':’. cis-1,3-Dichloropropene ug/L 5 5 5 5 5 5 5 5 5 5 5 5
o Trichloroethene ug/L 5 5 5 5 6 5 5 5 5 5 5 5
Benzene ng/L 5 5 3 5 5 5 5 5 5 5 5 5
trans-1,3-Dichloropropene ng/L 5 5 5 5 5 5 5 5 5 5 5 5
Dibromochloromethane K9/L 5 5 . 5 5 5 5 5 5 5 5 5 5
1,1,2-Trichloroethane ng/L 5 5 5 5 5 S 5 5 5 5 5 5
Bromoform na/L 5 5 5 5 5 5 5 5 5 5 5 5
Tetrachloroethene ng/L S 5 5 5 5 5 5 5 5 S 5 5
1,1,2,2-Tetrachloroethane ua/L 5 5 5 5 5 5 5 5 5 5 5 5
Toluene ug/L 5 5. 5 5 5 5 5 5 5 5 5 5
Chlorobenzene ' pua/L 5 5 13 5 5 5 35 5 5 5 5 5
Ethylbenzene pua/L 5 5 5 5 5 5 7 5 5 5 5 5
METALS : -
Cadmium ua/lL 10 10 10 10 21.2 10 10 10 10 10 29.8 - 10
Copper pug/L 25 36.5 25 128 494 25 25 25 36 25 25.7 47.9
Lead pg/L 3 7.8 3 24.6 100 51 3 3 11.1 5.5 3 13.4

Zinc ua/L 20 415 26600 1220 3830 320 106 120 7760 1350 26400 4180
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APPENDIX A-8. COMPLETE ANALYTICAL RESULTS OF 1990 SAMPLES

Method
Detection
Parameter Units Limit CPS-WCC-1M CPS-MI-02 CPS-MW-3D CPS-MW-3S CPS-MW-4S CPS-MW-4D CPS-FB-01 CPS-TB-01 CPS-DW-1S CPS-DW-1D CPS-DEP-2
Collection Date 3/20/90 3720790 3720790 3/20/90 3/20/90 3/720/90 3720790 3/20/90 3/721/90 3721/90 3/721/90
VOLATILE ORGANIC COMPOUNDS .
Chloromethane ug/L 10 10 10 10 10 10 10 10 10 10 10 10
Bromomethane ug/L 10 10 10 10 10 10 10 10 10 10 10 10
Vinyl Chloride ug/L 10 10 10 10 10 10 10 10 10 10 10 10
Chloroethane ug/L 10 10 10 10 10 10 10 10 10 10 10 10
Methylene Chloride Hg/L 5 5 5 - 5 5 5 5 7 5 5 n 5
Trichlorofluoromethane pg/L 10 10 10 10 10 10 10 10 10 10 10 10
Acrolein png/l 100 100 100 100 100 100 100 100 100 100 100 100
Acrylonitrile p#g/L 35 35 35 - 35 35 35 35 35 35 35 35 35
1,1-Dichloroethene ug/L 5 5 5 5 5 5 5 5 5 5 5 5
1,1-Dichloroethane pa/t 5 5 5 5 5 5 5 5 5 5 5 5
1,2-Dichloroethene (total)  pug/L 5 8 5 5 5 5 5 5 5 5 5 5
Chloroform pg/L 5 5 5 5 5 5 5 5 5 5 5 5
1,2-Dichloroethane pug/L 5 20 5 5 5 5 5 5 5 5 14 5
1,1,1-Trichloroethane ug/L 5 5 5 5 5 5 5 5 5 5 5 5
Carbon Tetrachloride ug/L 5 5 5 5 5 5 5 5 5 5 5 5
Bromodichloromethane ug/L 5 5 5 5 5 5 5 5 5 5 5 5
n- 2-Chloroethylvinylether _Hg/L 10 10 10 10 10 10 10 10 10 10 10 10 -
1 1,2-Dichloropropane pn9/L 5 5 5 5 5 5 5 5 5 5 5 5
™ cis-1,3-bichloropropene #g/L 5 5 5 5 5 5 5 5 5 5 5 5
w1 Trichloroethene na/L 5 1" 5 5 5 5 5 5 5 5 5 5
‘Benzene 1o/t 5 5 5 5 5 5 5 5 5 63 6 61
trans-1,3-Dichloropropene ug/L 5 5 5 5 S 5 5 5 5 5 5 5
Dibromochloromethane uo/L 5 5 5 5 5 5 5 5 5 5 5 5
1,1,2-Trichloroethane ug/L 5 5 5 5 5 5 5 5 5 5 5 5
Bromoform ug/L 5 5 5 5 5 5 5 5 5 5 5 5
Tetrachloroethene png/L 5 5 5 5 5 5 5 5 5 5 5 5
1,1,2,2-Tetrachloroethane ug/L 5 5 5 5 5 5 5 5 -5 ‘5 5 5
Toluene pua/L 5 5 5 5 5 5 5 5 5 5 8 5
Chlorobenzene g/t 5 5 5 5 5 5 5 5 5 340 47 91
Ethylbenzene ug/L 5 5 5 5 5 5 5 5 5 10 5 16
METALS : )
Cadmium png/L 10 10 11300 10 10 10 10 10 NA 10 10 10
Copper ug/sL 25 25 9800 25 25 25 25 33 NA 25 66.9 25
Lead pg/L 3 6.5 1668 3 3 3 3 3 NA 3 15.3 3

Zinc ug/L 20 638 1900000 752 562 403 530 393 NA 470 391 30.9




APPENDIX A-8. COMPLETE ANALYTICAL RESULTS OF 1990 SAMPLES

Method
Detection
Parameter Units Limit CPS-WCC-12 CPS-WCC-13 CPS-WCC-15M CPS-WCC-16VS CPS-FB-02 CPS-TB-02 CPS-MI-T1 CPS-DEP-4 CPS-MI-07 CPS-DW-9D
Collection Date 3/21/90 3/21/90 3/21/90 3/21/90 3/21/90 3/21/90 3/722/90 3/22/90 3/22/90 3/722/90
VOLATILE ORGANIC COMPOUNDS ' ’
Chloromethane pug/L 10 10 10 10 10 10 10 10 10 10 10
Bromomethane ug/L 10 10 10 10 10 10 10 10 10 10 10
Vinyl Chloride ug/L 10 19 10 10 10 10 10 10 10 10 10
Chloroethane ng/L 10 10 10 10 10 10 10 10 10 10 10
Methylene Chloride pug/L 5 5 5 5 5 - 5 5 5 5 5 5
Trichloroftiuoromethane ung/L 10 10 10 10 10 10 10 10 10 10 10
Acrolein K/l 100 100 100 100 100 100 100 100 100 100 100
Acrylonitrile ug/L 35 35 35 35 35 .35 35 35 35 35 35
1,1-Dichloroethene pg/L 5 5 -5 5 5 5 5 5 5 5 5
1,1-Dichloroethane ug/L 5 5 5 5 . 5 5 5 5 5 . 5 5
1,2-Dichloroethene (total) ug/L 5 Al 5 5 5 5 5 5 5 5 5
Chloroform ug/L 5 5 5 5 5 5 5 5 5 5 5
1,2-Dichloroethane png/L 5 1 . 5 9 5 5 5 57 5 5 5
1,1,1-Trichloroethane ug/L 5 5 5 5 5 5 5 5 5 5 5
Carbon Tetrachloride ug/L 5 5 5 5 S 5 5 5 5 5 5
Bromodichloromethane pa/L 5 5 5 5 5 5 5 5 5 5 5
2-Chloroethylvinylether pg/t 10 10 10 10 10 10 10 10 10 10 10
1,2-Dichloropropane ug/L 5 5 5 5 5 5 5 5 5 5 5
3,’ cis-1,3-Dichloropropene rg/L 5 5 5 5 5 5 5 5 5 5 5
N Trichloroethene . ug/L 5 5 5 5 5 5 5 8 5 5 5
JJ Benzene ug/L 5 40 5 5 91 5 5 5 5 5 5
trans-1,3-Dichloropropene ug/L 5 S 5 5 5 5 5 5 5 5 5
Dibromochloromethane ug/L 5 5 5 5 5 5 5 5 5 5 5
1,1,2-Trichloroethane ug/L 5 5 5 5 5 5 5 5 5 5 5
Bromoform pug/L 5 5 5 5 5 5 5 5 5 5 5
Tetrachloroethene pua/L 5 5 5 5 5 5 5 5 5 5 5
1,1,2,2-Tetrachloroethane ug/L 5 5 5 6 5 5 5 5 5 5 5
Toluene uo/L 5 97 5 5 8 5 5 5 5 5 5
Chlorobenzene ug/L 5 790 5 5 560 5 5 5 5 5 5
Ethylbenzene ug/L 5 16. 5 5 27 5 5 5 5 5 5
METALS
Cadmium pug/L 10 10 10 10 10 10 207 10 10 10
Copper pug/L 25 25 25 89.4 25 25 NA 217 25 25 25
Lead ug/L 3 6.6 6.4 15.3 3 3 NA 39.2 3 3 3

Zinc pa/L 20 42.5 190 5800 : 346 20 NA 9510 2330 7840 154




APPENDIX A-8. COMPLETE ANALYTICAL RESULTS OF 1990 SAMPLES

Method
Detection
Parameter Units Limit CPS-DW-9S CPS-DW-10D CPS-DW-13D CPS-DW-13S CPS-DW-14 CPS-FB-03 CPS-TB-03 PA-A-014
Collection Date . 3/22/90 3/22/90 3/22/90 3/22/90 3/722/90 3/22/90 3/722/90
VOLATILE ORGANIC COMPOUNDS
Chloromethane /L 10 10 10 10 10 10 10 10 10
Bromomethane ung/L 10 10 10 10 10 10 10 10 10
vinyl Chloride “ug/L 10 10 10 10 10 10 10 10 10
Chloroethane po/L 10 10 10 10 10 10 10 10 10
Methylene Chloride pua/L 5 5 5 5 5 : 5 92 5 5
Trichlorofluoromethane pug/L 10 10 10 10 10 10 10 10 10
Acrolein ug/L 100 100 100 100 100 100 100 100 100
Acrylonitrile po/L 35 35 35 35 35 35 35 35 35
1,1-Dichloroethene pug/L 5 5 5 5 5. 5 5 5 5
1,1-Dichloroethane pug/L 5 5 5 5 5 5 5 5 5
1,2-Dichloroethene (total)  ug/L 5 5 5 5 5 5 5 5 5
Chloroform po/L 5 5 5 5 5 5 5 5 5
1,2-Dichloroethane ug/L 5 5 5 5 5 5 5 5 200
1,1,1-Trichloroethane ug/L 5 5 5 5 5 5 5 5 5
Carbon Tetrachloride ug/L 5 5 5 5 5 5 5 5 5
Bromodichloromethane ug/L 5 5 5 5 5 5 5 5 5
2-Chloroethylvinylether pa/L 10 10 10 10 10 10 10 10 10
1,2-Dichloropropane uo/L 5 5 5 5 5 5 5 5 5
> cis-1,3-Dichloropropene ua/L 5 5 5 5 5 5 5 5 5
'1) Trichloroethene ug/L 5 5 5 5 5 5 5 5 24
- Benzene ug/L 5 5 69 24 28 1" 5 5 5
o trans-1,3-Dichloropropene ug/L 5 5 5 5 5 5 5 5 5
Dibromochloromethane ug/L 5 5 5 5 5 5 5 5 5
1,1,2-Trichloroethane pa/L 5 5 5 5 5 5 5 5 5
Bromoform na/L 5 5 5 5 5 5 5 5 5
Tetrachloroethene ua/L 5 5 5 5 5 5 5 5 5
1,1,2,2-Tetrachloroethane ug/L 5 5 5 5 5 5 5 5 5
Tolyene pno/L 5 5 5 5 5 5 5 5 5
Chlorobenzene png/L 5 5 590 22 48 5 5 5 5
Ethylbenzene ug/L 5 5 17 5 "5 5 5 5 5
METALS
Cadmium pg/L 10 10 10 10 10 10 10 NA 10
Copper ug/L 25 48.7 25 25 25 25 25 NA 25
Lead ug/L 3 12.9 3 3 3 3 3 NA 4.1

Zinc po/L 20 3750 54.5 184 176 616 27.8 NA 5720
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APPENDIX A-9. PUBLIC HEALTH RISK EVALUATION PROCESS

INTRODUCTION

Risk Assessment is an essential component of the Remedial Investigation
Feasibility Study (RI/FS) process at hazardous waste sites. The
Comprehensive Environmental Response, Compénsation, and Liability Act of 1980
(CERCLA) and the National 0il and Hazardous Substances Pollution Contingency
Plan (NCP: the regulation that implements CERCLA), require that actions
selected to remedy hazardous waste sites be protective of human health and
the environment. An overview of risk assessment in the RI/FS process is
presented in the NCP and in the EPA manual Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCIA (USEPA 1988b). A
baseline risk assessment is conducted as part of the RI to assess site
conditions in the absence of remedial actions. As part of the FS process,
risk assessment is used to evaluated the acceéptability of proposed remedial
actions and as a tool in the development of remediation objectives (target
cleanup levels).

A preliminary baseline public health risk assessment has been conducted for
waste sites under evaluation at the CPS/Madison waste site. The public
health risk assessment at CPS/Madison examines the presence and release of
chemicals from the sites under investigation, the observed levels of the
compounds in the environment, the potential routes of exposure to human .
receptors, and the likelihood of adverse health effects following contact
with contaminated environmental media. A detailed overview of the assessment
methods used is presented in the following discussion. The focus of this
evaluation is not an absolute assessment of the risks of exposure to the
chemicals present at the sites under investigation. Rather, this evaluation
is an assessment of the relative magnitude of anticipated health problems
that may be associated with exposure to chemicals detected at the site. The
intention is to determine if there is a significant threat to human health
and to assess the need for further site remediation.

OVERVIEW OF METHODS

The general approach to public health risk evaluation of exposure to chemical
contaminants has been well-established. The National Research Council (NRC)
prepared a comprehensive overview of the structure of this assessment (NRC
1983) that has become the foundation for subsequent EPA guidance. The Human
Health Evaluation Manual and the Environmental Evaluation Manual (USEPA
1989a,b) provide a detailed presentation of the risk assessment process.
These documents are the Agency'’'s key guidance on risk assessment under the
Superfund Program. As specified by EPA, the public health evaluation process
may be divided into four fundamental component analyses: (1) data evaluation
and hazard identification, (2) exposure assessment, (3) toxicity or hazard
assessment, and (4) risk characterization. These analyses are briefly
described 'in the following sectioms. ‘
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Data Evaluation and Hazard Identification

The first step in the risk assessment process is to obtain and evaluate all
available data on contaminants present at the sites under investigation. The
objective is to organize the data into a form appropriate for the baseline
risk assessment. Once the preliminary data set has been obtained and sorted
by environmental medium, the following evaluation steps should be completed:

o Evaluate the analytical methods used to determine if results are
appropriate for use in quantitative risk assessment.

o Evaluate the quality of data with respect to sample quantltatlon
' and detection limits.

o Examine laboratory qualifiers assigned to monitoring data and
evaluate potential QA/QC problems.

o Evaluate the quality of data with respect to blanks, and
tentatively identified compounds (TICs).

o Summarize information on background concentrations of chemicals
and compare with observed levels of site-related contamination.

o Identify chemicals of potential concern: develop a data set that
may be appropriately used in the risk assessment process.

o If appropriate, further limit the number of chemicals to be used
as the subject of the risk assessment.

From the full 1listing of all chemicals identified at a waste site or
facility, a subset may be identified that is of sufficient quality to be used
in risk assessment. Representative "highest risk" compounds may be selected
on the basis of: (1) quantities present at the site; (2) extent of
environmental contamination, toxicity, or hazardousness; and (3) mobility and
persistence of the chemical in the environment. This final step is specified
as optional by EPA, and does not improve the quality or accuracy of the risk
assessment. It is suggested as a device for facilitating the risk assessment
process when time and resources prohibit the evaluation of the full (and
often complex) data set (USEPA 1989a). : '

Exposure Assessment

General Approach and Receptors at Risk

The objectives of the exposure assessment are to: (1) delineate exposure
pathways; (2) identify receptors at risk; and (3) measure or estimate for
each receptor the intensity, duration, and frequency of the exposure.
Critical to the exposure assessment is a quantification of the releases of
contaminants of concern to each environmental medium (from all sources at the
waste site) and an assessment of the transport and transformation of the
subject compounds. The results of these analyses provide data on the
magnitude and extent of contamination. Both monitoring data and environmen-
tal transport modeling typically are used in the exposure assessment.
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EPA has specified that actions at hazardous waste sites should be based on
an estimate of the reasonable maximum exposure (RME) expected to occur under
both current and future land-use conditions (USEPA 198%a). EPA defines the
reasonable maximum exposure as the highest exposure that is reasonably
expected to occur at a site. RMEs are estimated for individual pathways, and
combined across across exposure routes if appropriate.

Once receptors at risk are identified, environmental concentrations at points
of exposure must be determined or projected. In the evaluation of
CPS/Madison, exposure concentrations are based completely on the results of
site monitoring. No transport modeling has been used. Representative
concentrations for use in risk assessment are taken as the arithmetic mean
of the sampling results. "Not detected" results were treated as one half the
limit of detection and included in calculation of the arithmetic mean.

Dose estimates (in mg/kg/day) are developed for each chemical of concern
using the representative environmental concentrations (i.e., mean values).

- Estimates of dose are needed in the risk characterization and are generally

determined as follows:

CR x EFD x ABS

Dose = C X - .
: BW x AT
Where
c = Chemical concentration in the environmental medium under
evaluation.
CR = Contact rate; the amount of contaminated medium contacted
per unit time or event.
EFD = Exposure frequency and duration; how long and often
exposure occurs,
ABS = Absorption factor
BW = Body weight; the average over the exposure period.
and,
AT = Averaging time; the period over which exposure is

averaged.

The equation above is used to derive estimates of subchronic or chronic dose
(lifetime assumed to be 75 years). The chronic dose estimate based on mean
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concentrations in environmental samples (arithmetic mean) was used as the
basis of the risk characterization at all sites under investigation.

Comparison with Applicable or Relevant and Appropriate Requirements

Once the baseline concentrations of subject chemicals have been determined
at the waste sites, these levels are compared to applicable or relevant and
appropriate requirements (ARARs). CERCLA of 1980 as amended by the Superfund
Amendments and Reauthorization Act (SARA) of 1986 requires the selection of
remedial actions at Superfund hazardous waste sites that are protective of
human health and the environment, cost-effective, and technologically and
administratively feasible. Section 121 of CERCLA specifies that response
action must be undertaken in compliance with ARARs established in Federal and
state environmental laws.

In the revised National Contingency Plan (NCP: 55 FR 8666) and the guidance
document CERCLA Compliance with Other Laws Manual (USEPA 1988, 1989d),
several different types of requirements are identified with which Superfund
remedial actions must comply: (1) ambient or chemical-specific requirements,
(2) action-specific requirements, and (3) location-specific requirements.
Because situations at CERCLA sites vary widely, EPA cannot categorically
specify requirements that will be ARARs for every NPL site. ARARs can only
be identified on a site-specific basis (i.e., established in connection with
the characteristics of the particular site, the chemicals present at the
site, and the remedial alternatives suggested by the circumstances of the
site).

In the RI/FS process, the evaluation of remedial alternatives must consider
effectiveness, implementability, and cost. Within the context of the effec-
tiveness evaluation, chemical-specific ARARs assume major significance. Each
alternative is evaluated with regard to effectiveness in protecting human
health and the environment. Effectiveness criteria include protectiveness
and the envisioned reduction of toxicity, mobility, or volume through
treatment.

According to the guidance presented in the revised NCP, protectiveness (i.e.,
the ability to protect human health and the environment) means that a given
remedial alternative meets or exceeds ARARs, or other risk-based 1levels
established through a risk assessment when ARARs do not exist or are waived.
(Note that compliance with chemical-specific is not required for interim
remedies. 55 FR 8666). In the NCP and in the guidance manual on CERCLA
compliance with other laws (55 FR 8666, USEPA 1988a, 1989d), EPA specifies
that when ARARs are not available for a given chemical, or where such ARARs
are not sufficient to be protective, health advisory levels should be
identified or developed in order to ensure that a remedy is protective.

For carcinogenic effects, these health advisory or cleanup levels are to be
selected such that the total risk of all contaminants falls within the
acceptable range of 1074 to 1076, Although the 107 risk level is identified
by EPA as a "point of departure" in evaluating the results of risk
assessment, the revised NCP clearly indicates that the 10°* level is the
upper bound of the acceptable range (55 FR 8666). In cases where
noncarcinogenic effects are a concern, EPA specifies that cleanup should be
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based on acceptable levels of exposure as determined by the EPA reference
doses (RfDs), taking into account the effects of multiple contaminants and
multiple exposure pathways at the site.

Therefore, chemical-specific ARARs serve two primary purposes: (1) require-
ments that must be met by a selected remedial alternative (unless a waiver
is obtained), and (2) as a basis for establishing appropriate cleanup levels.
The public health risk assessment of a given remedial action alternative
characterizes the actual risk of exposure of human receptors to contaminants
under investigation. For carcinogens, risk characterization yields a
probabilistic estimate of the additional lifetime risk of cancer in the
exposed individual or the incidence of new cases of cancer in populations.
For noncarcinogens, exposure levels or doses for all subject compounds are
evaluated to determine levels or doses if these exceed EPA RfDs. When an
ARAR is available for all subject compounds of concern, and the ARARs are
determined to be protective, these requirements become the chemical-specific
cleanup goals. However, as noted above, when ARARs are found not to be
protective or are not available, the results of the risk assessment (i.e.,
health advisory levels) are used to establish the more stringent target
cleanup goals.

Thus, the requirement that a remedial alternative meet chemical-specific
ARARs does not ensure that the proposed alternative is protective, and
thereby potentially acceptable. This can be determined only by: (1) .eval-
uating the combined carcinogenic risk associated with the ARAR limits for all
chemicals at a given site (assuming additivity of effect in the absence of
data on synergism or antagonism); (2) establishing that ARARs do not exceed
USEPA RfDs for noncarcinogenic effects, and are sufficiently protective when
multiple chemicals are present; (3) determining whether environmental effects
(in addition to human health considerations) are adequately addressed by the
ARARs; and (4) evaluating whether the ARARs adequately cover all significant
pathways of human exposure identified in the baseline risk assessment. EPA
has provided guidance on evaluating multiple exposure to chemicals
(carcinogenic and noncarcinogenic effects) and on establishing acceptable
exposure levels when no ARARs exist (USEPA 1986c, 1989a).

Toxicity Assessment

The objectives of the toxicity or hazard assessment are to evaluate the
inherent toxicity of the compounds under investigation, and to identify and
select toxicological measures for use in evaluating the significance of the
exposure. In the development of these toxicological measures, available
dose-response data are reviewed on the adverse effects to human and nonhuman
receptors. Dose-response assessments for noncarcinogens provide an estimate
of the no-observable-adverse-effect level (NOAEL) or lowest-observable-
adverse-effect level (LOAEL). For carcinogenic compounds, the dose-response
assessment yields estimates of probability or range of probabilities under
which a carcinogenic effect will occur at a specified level of exposure.

In conducting an assessment of risk of exposure to chemicals released from
waste sites, several toxicity measures of importance may be identified:
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o RfDs for oral exposure - acceptable intake values for subchronic
and chronic exposure (noncarcinogenic effects)

o RfDs for inhalation exposure - acceptable intake values for sub-
chronic and chronic exposure (noncarcinogenic effects)

o Carcinogenic potency factors for oral exposure

o Carcinogenic potency factors for inhalation exposure.

The RfDs and potency factors for oral exposure are the toxicity measures
needed in the assessment for CPS/Madison. Long-term (i.e., chronic) exposure
and health risk is the focus of the evaluation at all sites.

The primary sources of information for these data is the Integrated Risk
Information System (IRIS) data base. IRIS is a computer-housed catalog of
EPA risk assessment and risk management information for chemical substances.
Data in the IRIS system is regularly reviewed and updated monthly. If
toxicity measures are not available on IRIS, EPA recommends use of the EPA
ORD Health Effects Assessment Summary Tables (HEAST: FY 1989. USEPA 1989c)
as the second most current source of information. SAIC has on-line access
to the IRIS Data Base and receives the quarterly HEAST publications from EPA
ORD. Therefore, the risk assessment is based on the most up-to-date
EPA-approved toxicity measures available for waste site evaluation.

A summary of the toxicity measures used in the evaluation of the waste sites
at CPS/Madison is presented in Table A-1. Toxicity measures for chronic oral
and inhalation exposure are used in the baseline risk assessmet. The table
provides a comprehensive 1list of RfDs (chronic and subchronic when
available), carcinogenic potency factors (oral and inhalation routes), weight
of evidence ratings, and sources of information.

Risk Characterization

The last step in the baseline public health evaluation is risk characteriza-
tion. This is the process of integrating the results of the exposure and
hazard (toxicity) assessment (i.e., of comparing estimates of dose with
appropriate toxicological endpoints to determine the likelihood of adverse
effects in exposed populations). It is common practice to consider risk
characterization separately for carcinogenic and noncarcinogenic effects.
This is due to a fundamental difference in the way organisms typically
respond following exposure to carcinogenic or noncarcinogenic agents. For
noncarcinogenic effects, toxicologists recognize the existence of a threshold
of exposure below which there is only a very small likelihood of adverse
health impacts in an exposed individual. ExpoSure to carcinogenic compounds,
however, is not thought to be characterized by the existence of a threshold.
Rather, all levels of exposure are considered to carry a risk of adverse
effect.

The procedure for calculating risk associated with exposure to carcinogenic

compounds has been established by EPA (USEPA 1986b,c; USEPA 198%a). A non-
threshold, dose-response model is used to calculate a carcinogenic potency
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TABLE A-1. TOXICITY MEASURES FOR WASTE SITE EVALUATION: INGESTION AND INHALATION PATHWAYS
Noncarcinogenic Noncarcinogenic
Effects Effects Carcinogenic Carcinogenic
Oral Route Inhalation Route Noncarcinogenic Potency Factor (ql*): Potency Factor (q1*):
(mg/kg/day) Source (mg/kg/day) Source Effect of Oral Exposure Source Inhalation Exposure Source

COMPOUND RfD-S (a) RfD-C (b) (Oral) RfD-S (a) RfD-C (b) (Inhal.) Concern (mg/kg/day)-1 (Oral) (mg/kg/day)-1 (Inhal.)

INORGANICS

Cadmium - - 5.00E-04 d - - 5.00E-06 d,j Kidney 6.10E+00 [B1] d

Copper 3.70e-02 3.70e-02 d,e - - 3.70e-02 d,e,j GI Tract, Blood

Lead - - 1.40E-03 d,m - - 1.40E-03 d j CNS, Kidney

2inc 2.00E-01 2.00E-01 - - 2.00E-01 d,j GI Tract

ORGANICS

Acrolein - - - - 1.00E-03  1.00E-04 d Lung, Kidney [c1

Acrylonitrile - - .- - - - - Lung, CNS 5.40E-01 [B1] d 2.40E-01 [B1] d

Benzene .- 3.60E-04 s - - - - Hematopoietic Sys. 2.90E-01 (A) d 2.90E-01 (A] d

Bromodichloromethane - 2.00E-02 c - - - - Liver, Kidney, CNS 1.30E-01 [B2] d

Bromoform 2. OOE-01 2.00E-02 d 2.00E-01 2.00E-02 d,j Liver 7.90E-03 (B2) d

Bromomethane 1.00E-02 1.00E-03 d 6.00E-02 6.00£-02 d CNS

Carbon Tetrachloride 7.00E-03  7.00E-04 d 7.00E-03 7.00E-04 d,j Liver 5.20E-02 (B2] d 1.30E-01 (B2] d

Chlorobenzene 2.00E-01 2.00E-02 d 5.00E-02 5.00E-03 d Liver, Kidney

Chtoroform 1.00E-02 1.00E-02 d 1.00E-02 1.00E-02 d,j Liver, Kidney, CNS 6.10E-03 [B2] d 8.10E-02 [B2] : d

Chloroethane 1.00E+00 1.00E-01 d,t 1.00E+00 1.00£-01 d,t Liver, Kidney, CNS :

Chloromethane - - - - .- - - Liver, Kidney, CNS 1.30E-02 [C} d 6.30E-03 [C] d

Dibromochloromethane 2.00E-01 2.00E-02 d - - - - Liver ,

1,1-Dichloroethane 1.00E+00 1.00E-01 d 1.00E+00 1.00E-01 d Liver, Kidney, CNS 9.10E-02 (B2] d 9.10E-02 [82] d,j
3: 1,2-Dichloroethane 1.00E+00 1.00E-01 d,h 1.00E+00  1.00£-01 d,h Liver, Kidney, CNS 9.10e-02 [B2] d 9.10E-02 ([B2] d

1,1-Dichloroethylene 9.00E-03 9.00E-03 d - - - - Liver, Kidney, CNS 6.00E-01 (B2] d - 1.20E+00 [8B2] d

1, ‘2- -Dichloroethylene 9.00E-03 9.00E-03 d,f - - - - Liver, Kidney, CNS

1, ‘2- -Dichloropropane - - - - - - - - Liver, Kidney, CNS . 6.80E-02 [B2] d (821

1,3-Dichloropropene 3.00E-03 3.00E-04 d 1.00E-02 1.00€E-02 d Liver 1.80E-01 [B2] d

Ethylbenzene 1.00E+400 1.00E-01 d - - - - Skin, Liver, Kidney

Methylene Chloride 6.00E-02 6.00E-02 d 6.00E-02 6.00E-02 d,j Liver, Kidney, CNS 7.50E-03 [B2] 4.70E-07 (B2l d

1,1,2,2-Tetrachloroethane - - - - - - - - Liver 2.00E-01 [C) d 2.00E-01 [C) d

Tetrachloroethylene 1.00E-017 1.00€-02 d 1.00E-01 1.00E-02 d,j Liver, Kidney, CNS 5.10E-02 [B2] d 3.30E-03 [B2] d

Toluene 4.00E-01 3.00E-01 d 2.00E+00 2.00E+00 d CNS

1,1,1-Trichloroethane 9.00E-01 9.00E-02 d 3.00E+00 3.00E-01 d CNS, Lung, Kidney .

1,1,2-Trichloroethane 4.00E-02 = 4.00E-03 d 3.00E+00 3.00E-01 d,p CNS, Lung, Kidney 5.70E-02 [C] d 5.70E-02 (C] d

Trichloroethylene 1.00E-01 1.00E-02 d,g 1.00E-01 1.00E-02 «c,k,j Liver, Kidney, CNS 1.10€-02 [82] d 1.70E-02 [B2] d

Trichlorofluoromethane 3.00E+01 3.00E+01 d,r - - - - ) CNS

vinyl Chloride - - 1.30E-03 q - - - - Blood, Liver, CNS 2.30E+00 [A] d 2.95€-01 [A] d

a. RfD=Reference dose for subchronic (short-term) exposure.

(

b. RfD=Reference dose for chronic (long-term) exposure.

c. IRIS DATA BASE

d. USEPA ORD Health Effects Assessment Summary Tables (HEAST) FY 1989, 4th Quarter.

e. RfD derived from the USEPA drinking water standard as listed in USEPA 1989 HEAST 2nd Quarter report.

f. In the absence of toxicity data, the RfDs for 1,1-Dichloroethylene have been adopted for 1,2- D1chloroethylene.

g. In the absence of toxicity data, the RfDs for PCE have been adopted for TCE.

h. In the absence of toxicity data, the RfDs for 1,1-Dichloroethane have been adopted for 1,2-Dichloroethane.

j. RfDs or potency factors for the oral exposure route have been used in the absence of toxicity data for the inhalation route.
k. In the absence of toxicity data, the reference dose for tetrachloroethylene is used for trichloroethylene.

m. Reference dose for lead is under evaluation by EPA.

The RfD listed is this table has been used in the absence of a more recent toxicity measure.

p. In the absence of toxicity data, the inhalation RfDs for 1,1,1-Dichloroethane have been adopted for 1,1,2-Dichloroethane.
q. Reference dose for vinyl chloride was derived from the EPA ODW longer-term drinking water health advisory.
r. In the absence of toxicity data, the reference dose for trichlorotrifluoromethane has been adopted.

s. RfD for chronic exposure to 70 kg adult derived from EPA ADI of 0.025 mg/day.

Drinking Water Criteria Document for Benzene (USEPA 1985), EPA ODW.

t. In the absence of toxicity data, the reference doses for 1,1-dichloroethane has been adopted.
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factor (which mathematically is the slope of the dose-response curve) for
each chemical. To derive an estimate of risk, the carcinogenic potency
factor (qy* - defined below) is then multiplied by the estimated chronic
daily dose experienced by the exposed individual:

AN

Risk = CDI x qj

where
Risk = Upper bound estimate of the excess lifetime cancer risk
to an indivdual (unitless probability). \
CD1 = Chronic daily dose averaged over a 70 year period
(mg/kg body weight/day)
and,
q* = 95% upper-bound estimate of the slope of the dose-response

curve (mg/kg body weight/day) ™!

The slope factor q1" is used to convert estimates of daily intake or dose
averaged over a lifetime, to incremental excess risk of an individual
developing cancer. EPA notes that use of this equation assumes that the
dose-response relationship is 1linear in the low-dose portion of the
multistage model dose-response curve (USEPA 198%a: A linearized multistage
dose response model is most commonly used by EPA in deriving the slope
estimates.) Given this assumption, the slope factor is a constant and risk
is directly proportional to intake.

EPA indicates that use of the linear equation (above) for risk estimation is
valid only at risk levels < 1 x 102, The Agency recommends use of the "
following equation (based on the "one-hit" model of carcinogenesis) as an
alternative at sites where exposure and intakes are projected to be quite
high, and risk levels may exceed 1 x 1072,

Risk = 1 - exp(-CDI x q;)

In evaluating risk of exposure to more than one carcinogen, the risk measure
for each compound may be summed (in the absence of information on antagonis-
tic or synergistic effects) to provide an overall estimate of total car-
cinogenic risk (USEPA 1989a).
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Risk, = L Risk,

. i
1=1
where
Risky = The combined excess lifetime cancer risk across chemical
carcinogens.
and,
Risk; = The risk estimate for the ith chemical of n chemicals under
evaluation.

This is conducted for each source of environmental release, associated
exposure pathway, and receptor group at risk of exposure. Population risks
are derived by multiplying the overall risk level (summed for all subject
chemicals) by the number of people exposed. This would yield a measure of
the additional incidence of developing cancer (i.e., additional number of new
cases) in the exposed population over a lifetime (i.e., 70 years) of
exposure.

The traditionally accepted practice of evaluating exposure to noncarcinogenic
compounds has been to experimentally determine a NOAEL and to divide this by
a safety factor to establish an acceptable human dose, for example, accept-
able daily intake or RfD (NRC 1983). The RfD is then compared to the average
daily dose experienced by the exposed population to obtain a measure of

. concern for adverse noncarcinogenic effects:

Dose
HO = —|/—
RED
where
HQ = Hazard Quotient: potential for adverse noncarcinogenic
effects
Dose = average daily dose for subchronic or chronic exposure
(mg/kg body weight/day)
and,
RfD = acceptable intake for subchronic or chronic exposure

-(mg/kg body weight/day)
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Dose and the RfD are expressed in the same units and are based upon common
exposure periods (i.e., chronic, subchronic, or shorter-term). IfHQ is > 1,
then there may be potential for adverse noncarcinogenic effects at the given
exposure/dose level. Guidelines for evaluating exposure to mixtures of
noncarcinogens is presented by EPA (USEPA 1986b, USEPA 1989a). Essentially,
this involves summing the hazard quotient (ratios of daily dose/RfD) for all
chemicals under evaluation. If the sum of these ratios, called the Hazard
Index (HI) is > 1, then there is the potential for adverse noncarcinogenic
effects. Under these circumstances, EPA recommends segregating the compounds
into groups of like or common toxicological effects, and again to evaluate
the potential for manifestation of the various adverse health effects
identified.

A-289



REFERENCES

Integrated Risk Information System 1989 US Environmental Protection Agency
on-line data base of toxicity measures. Office of Research and Development,
Environmental Criteria and Assessment Office, Cincinnati, OH. Electronic
Mail Account information via Dialcom, Inc. 600 Maryland Ave, SW, Washington,
D.C. :

NRC 1983 Risk Assessment in the Federal Government: Managing the Process.
National Research Council. National Academy Press, Washington, D.C.

USEPA 1985 Development of Statistical Distributions or Ranges of Standard
Factors Used in Exposrue Assessments Prepared by GCA Corp, Chapel Hill for
the US Environmental Protection Agency. PB85-242667

USEPA 1986a Superfund Public Health Evaluation Manual. US Environmental
Protection Agency, Office of Emergency and Remedial Response, Washington,
D.C. EPA 540/1-86/060 '

USEPA 1986b Guidelines for Carcinogenic Risk Assessment. US Environmental
Protection Agency. Federal Register 51(185):33991-34003

USEPA 1986c Guidelines for the Health Risk Assessment of Chemical Mixtures.

US Environmental Protection Agency. Federal Register 51(185):34014-34025

USEPA 1987 Superfund Program: Interim Guidance on Compliance with Other
Applicable or Relevant and Appropriate Requirements. Federal Register
52(166):32496-32499.

USEPA 1988a CERCLA Compliance with Other Laws Manual. US Environmental
Protection Agency, Office of Emergency and Remedial Response. OSWER Directive
9234.1-01

USEPA 1988b Guidance for Conducting Remedial Iﬁvestigations and Feasibility
Studies under CERCLA. US Environmental Protection Agency, Office of Solid
Waste and Emergency and Remedial Response. OSWER Directive 9335.3-01

USEPA 1988c Draft Interim Guidance on Estimating Inhalation Exposure During
Showering. ° US Environmental Protection Agency, Office of Research and
Development, Februrary 6, 1988.

USEPA 1989a Risk Assessment Guidance for Superfund: Human Health Evaluation
Manual Part A. US Environmental Protection Agency, Office of Solid Waste and
Emergency and Remedial Response.  OSWER Directive 9285.701A

USEPA 1989b Risk Assessment Guidance for Superfund: Volume II Environmental
Evaluation Manual. US Environmental Protection Agency, Office of Solid Waste
and Emergency and Remedial Response. EPA/540/1-89/001

USEPA 1989c Health Effects Assessment Summary Tables Fourth Quarter FY 1989

US Environmental Protection Agency, Office of Research and Development.
OERR 9200.6-303-(89-4)

A-290



USEPA 19894 CERCLA Compliance with Other Laws Manual Part II. Us
Environmental Protection Agency, Office of Emergency and Remedial Response.
OSWER Directive 9234.1-01

USEPA 1989e Expsure Factors Handbook US Environmental Protection Agency,
Office of Health and Environmental Assessment. EPA/600/8-89/043

USEPA 1990 National 0il and Hazardous Substances Pollution Contingency Plan
(NCP). Federal Register 55(46):8666-8865.

A-291



APPENDIX B-1

TECHNOLOGY DESCRIPTIONS

B-1



APPENDIX B

TECHNOLOGY DESCRIPTIONS

B-2



APPENDIX B. TECHNOLOGY DESCRIPTIONS

Solidification
© In-situ Vitrification

In-situ vitrification is a technology being developed for
the stabilization of transuranic contaminated wastes, and has
conceivable applicable to other hazardous wastes. Several
laboratory-scale and pilot-scale tests have been conducted, and a
large-scale testing system is currently being fabricated. The
technology is based upon electric melter technology, and the
principle of operation is joule heating, which occurs when an
electrical current is passed through a molten mass. " Contaminated
soil is converted into durable glass, and wastes are paralyzed or
crystallized. Off-gases released during the melting process are
trapped in an off-gas hood. The depth of the waste is a
significant limiting factor in the application of this
technology.

o Solidification/Stabilization

Solidification and stabilization are terms which are used to
describe treatment systems which (1) improve waste handling or
other physical characteristics of the waste, (2) decrease the
surface area across which transfer. of contaminants can occur
and/or (3) limit the solubility or toxicity of contaminants.
Solidification is used to describe processes where these results
are obtained primarily, but not exclusively, by production of a
monolithic block of waste with high structural integrity. The
contaminants do not necessarily interact chemically with the
solidification reagents, but are mechanically locked within the
solidified matrix. Contaminant loss is minimized by reducing the
surface area. Stabilization methods usually involve the addition
of materials which limit the solubility or mobility of waste
constituents»even though the physical handling characteristics of
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the waste may not be improved. Methods involving combinations of
solidification and stabilization techniques are often used. The
state-of-the-art of solidification/stabilization methods is
advancing rapidly. Many manufacturers are marketing processes
which involve the use of various combinations of alkaline earth
materials often together with organic polymers and proprietary
chemicals. '

o0 Cement-based Solidification

Cement-based solidification involves mixing the wastes
directly with Portiand cement. The waste is incorporated into
the rigid matrix of the hardened concrete. The end product may
be a standing monolithic solid or may have a crumbly, soil-like
consistency, depending upon the amount of cement added.

Most hazardous wastes slurried in water can be mixed
directly with cement and the suspended solids will be
incorporated into the rigid matrix. LAlthough cement can
physically incorporate a broad range of waste types, most wastes
will not be chemically bound and are subject to leaching. Cement
solidification is most suitable for immobilizing metals because
at the pH of the cement mixture, most multivalent cations are
converted into insoluble hydroxides or carbonates.

There are many disadvantages to cement-based solidification.
Metal hydroxides and carbonates are insoluble only over a narrow
PH range and are subject to solubilization and leaching in the
presence of even mildly acidic leaching solutions (i.e., rain).
Portland cement alone is not effective in immobilizing organics.
Cement-based solidification results in wastes that are twice the
weight and volume of the original material thereby increasing
transportation and disposal costs. Some wastes are incompatible
with cement such as some sodium salts (i.e., arsenate, borate,
phosphate, iodate, and sulfide), salts of magnesium, tin, zinc,
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copper, and lead, organic matter, some silts and clays, coal and
lignite. The major advantage of the method is its low cost and

the use of readily available mixing equipment.

o Silicate-Based Solidification

Silicate based processes refer to a very broad range of
solidification and stabilization methods which use a siliceous
material together with lime, cement, gypsum, and other suitable
setting agents. Extensive research is currently underway on the
use of siliceous compounds in solidification. Many of the
available processes use proprietary additives and claim to
stabilize a broad range of compounds. The basic reaction is
between the silicate material and polyvalent metal ions. The
silicate material which is added in the waste may be fly-ash,
blast furnace slag or other readily available materials. Soluble
silicates such as sodium silicate or potassium silicate are also
used. The polyvalent metal ions which act as initiators of
silicate precipitation and/or .gelation come either from the waste
solution, an added settling agent, or both. The setting agent
should have low solubility, and a largevreserve capacity of
metallic ions so that it controls the reaction rate. Portland
cement and lime are most commonly used because of their ready
availability. However, gypsum, calcium carbonate, and other
compounds containing aluminum, iron, magnesium are also suitable.
The solid which is formed in these processes varies from a moist,
clay-like material to a hard-dry solid similar in appearance to
concrete. There are a number of silicate-based processes which
are currently available or in the research étages.
Manufacturers’ claims differ significantly in terms of the
capabilities of these processes for stabilizing different waste
constituents.

One of the major limitations with silicate based processes
is that a large amount of water which is not chemically bound
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will remain in the solid after solidification. In open air, the
liquid will leach until it comes to some equilibrium moisture
content with the surrounding soil. Because of this water loss,
the solidified product is likely to require secondary
containment.

Commercial cement mixing and handling equipment can
generally be used for silicate-based processes. A number of

mobile, trailer mounted systems are available.

0 Sorbents

Sorbents include a variety of natural and synthetic solid
materials which are used to eliminate free liquid and improve the
handling characteristics of wastes. Commonly used natural
sorbent materials include fly ash, kiln dust, vermiculite, and
bentonite. Synthetic sorbent materials include activated carbon
which sorbs dissolved organics; Hazorb (Dow Chemical) which sorbs
water and organics and Locksorb (Redecca Corporation) which is

reportedly effective for all emulsions.

Sorbents are widely used to remove free liquid and improve
waste handling. Some sorbents have been used to limit the escape
of volatile organic compounds. - They may also be useful in waste
containment when they modify the chemical environment and
maintain the pH and redox potential to limit the solubility of
wastes. Although sorbents prevent drainage of free water, they
do not necessarily prevent leaching of waste constituents and
éecondary containment is generally required. Equipment
requirement for addition and mixing of sorbents afé simple.

o Thermoplastic Solidification

Thermoplastic solidification involves sealing wastes in a
matrix such as asphalt bitumen, paraffin, or polyethylene. The
waste is dried, heated, and dispensed through a heated plastic
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matrix. The mixture is then cooled to form a rigid but
deformable solid. Bitumen solidification is the most widely used
of the thermoplastic techniques.

Thermoplastic solidification involving the use of an asphalt
binder is most suitable for heavy metal or electroplating wastes.
Relative to the cement solidification, the increase in volume is
significantly less and the rate of leaching significantly lower.
Thermoplastics are not affected significantly by either water or
microbial action

There are a number of waste types which are incompatible
with thermoplastic solidification. Oxidizers such as ’
perchlorates or nitrates can react with many of the
solidification materials to cause an explosion. Some solvents
and gases can cause asphalt materials to soften and never become
rigid. Xylene and toluene diffuse quite rapidly through asphalt.
Salts that partially dehydrate at elevated temperatures can be a
problem. Sodium sulféte hydrate, for example, will loose some
water during asphalt incorporation and if the waste asphalt mix
containing the partially dehydrated salt is soaked in water, the
mass will swell and crack due to rehydration. This can be
avoided by eliminating easily dehydrated salts or coating the
outside of the waste/asphalt mass with pure asphalt. Chelating
and complexing agents can cause problems with containment of
heavy metals. Certain wastes, such as tetraborates, and iron and
aluminum salts can cause premature solidification and plug up the

mixing machinery.

High equipment and energy costs are principal disadvantages
of thermoplastic solidification. Another problem is that the
plasticity of the matrix-waste mixture generally require that
containers be provided for transportation and disposal of

materials which greatly increases the cost. Thermoplastic
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solidification requires specialty equipment and highly trained
operators to heat and mix the wastes and solidifier. The common
range of operating temperatures is 130 to 230 degrees centigrade.
The energy intensity of the operation is increased by the
requirement that the wastes be thoroughly dried before

solidification.’

o Surface Microencapsulation

Surface encapsulation includes those methods which
physically microencapsulate wastes by sealing them in an organic
binder or resin. Surface encapsulation can be accomplished using
a variety of approaches.

A process developed by Environmental Protection Polymers
involves the use of 1,2-polybutadiene and polyethylene to produce
a microencapsulated waste block onto which a high density
polyethylene (HDPE) jacket is fused. The 1,2-polybutadiene is
mixed with particulated waste which-yields, after solvent
evaporation, free flowing dry resin-coated particulates. The
resulting polymers are resistent to oxidative and hydrolytic
degradation and to permeation by water. The next step involves
formation of a block of the polybutadiene/waste mixture. 1In the
final step, a 1/4 inch thick HDPE jacket is mechanically and
chemically locked to the surface of the microencapsulated waste.
An alternative process developed by the same company involves a
similar approach. Contaminated solids or sludges are loaded into
a high density polyethylene overpack. A portable welding
apparatus in then used to spin weld a 1lid onto the container

forming a seam free encapsulate.

Another encapsulation method uses an organic binder to seal
a cement-solidified mass. United States Gypsum Company
manufactures a product called Envirostone Cement which is a

special blend of high-grade polymer modified-gypsum cement.
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Emulsifiers and ion exchange resins may be added along with the
gypsum cement which hydrates to form a freestanding mass. A
proprietary organic binder is used to seal the solidified mass.
The process can be used to stabilize both organic and inorganic
wastes. |

The major advantage of encapsulation processes is that the
waste material is completely isolated from leaching solutions.
These methods can be used for both organic and inorganic waste
constituents. They allow for efficient space utilization during
transport, storage and disposal. The hazard of accidéntal spills
during transport is eliminated. Encapsulation materials are

‘ commercially available, very stable chemically, nonbiodegradable,

mechanically tough and flexible. They can withstand the
mechanical and chemical stresses of a wide range of disposal
schemes. |

The disadvantages of encapsulation techniques include the
high cost of the binding resins and that the processes are energy
intensive. 1In addition skilled labor is required to operate
molding and fusing equipment.

o Vitrification

Vitrification of wastes involves combining the wastes with
molten glass at a temperature of 1,350 degrees centigrade or
greater. There are some processes that allow temperatures as low
as 850 degrees centigrade.

Vitrification is quite costly and so far has been restricted

to radioactive or very highly toxic wastes. To be considered for

vitrification, the wastes should be either stable or totally
destroyed at the process temperature.
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Vitrification offers the greatest degree of containment of
all the common solidification methods. Most resuitant solids
have an extremely low leach rate. Some glasses, such as borate-
based glasses, have high leach rates and exhibit some water
solubility. The high energy demand and requirements for
specialized equipment and trained personnel greatly limit the use
of this method.

Bioreclamation

Microorganisms, like all living organisms, require specific
inorganic nutrients (i.e., nitrogen, phosphate-phosphorus, trace
metals), and a carbon and energy source to survive.
Bioreclamation relies upon microbial metabolic activity to
convert toxic substances to a more desirable form. Indigenous
microorganisms can generally be relied upon to degrade a wide
range of compounds given an adequate living conditions.
Specially adapted or genetically manipulated microorganism are
also available. The technology of in-situ bioreclamation
involves implementing methods to optimize environmental
conditions to the subsurface to enhance microbial activity. This

" can include an injection well, an infiltration system or other

techniques to provide oxygen, provide nutrients, control
temperature or modulate any other parameter that can enhance
microbial activity.

Bioreclamation cam be expected to reduce the concentration
of only those organic compounds which are amenable to biological
degradation. These are compounds that are either substrates for
microbial growth and metabolism, or are cometabolically broken
down as the microorganism uses another primary substrate as its
carbon and energy source. Microbial metabolic activity can be
classified into three main categories: aerobic respiration, in
which oxygen is required as a terminal electron acceptor;

anaerobic respiration, in which sulfate or nitrate serves as a
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terminal electron acceptor; and fermentation, in which the
microorganism rids itself of excess electrons by exuding reduced

organic compounds.

The bioreclamation method that has been most developed for
in-situ treatment is one which relies on aerobic (oxygen
requiring) microbial processes. For most compounds, the most
rapid and complete degradation occurs aerobically. It can be
generalized that for the degradation of petroleum hydrocarbons,
aromatics, halogenated aromatics, polyaromatic hydrocarbons,
phenols, halophenols, biphenyls, organophosphates, and most
pesticides and herbicides, aerobic bioreclamation techniques are
most suitable. Extensive data on the biodegradabilities of
substances can be found in the literature. Relative aerobic
biodegradability of compounds can also be estimated using
laboratory data associated with biological, chemical and ultimate
oxygen demand (i.e., BOD, COD, UOD). In most instances, '
treatability studies are required to determine degradability of
specific contaminants.

Aerobic bioreclamation has been demonstrated to be effective
in degrading organics at more than 30 spill sites. Although it
has not yet been demonstrated at hazardous waste sites, it can be
expected to be effective and reliable provided the organics are
amenable to aerobic degradation and the hydraulic conductivity of
the aquifer is sufficiently high. There are substantial research
data to suggest that microorganisms found at uncontrolled
hazardous waste sites are well-acclimated to the wastes.

Anaerobic treatment is generally not as promising for site
remediation as aerobic treatment. Anaerobic processes are
slower; fewer compounds can be degraded, and the logistics of
rendering a site anaerobic have not been developed to date.

Anaerobic degradation under reducing conditions appears to be the
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most suitable process for halogenated lower molecular weight
hydrocarbons, such as unsaturated alkyl halides like PCE and TCE,
and saturated alkyl halides like 1,1,l1-trichloroethane and
trihalomethane. Some lower molecular weight halogenated
hydrocarbons, will only degrade anaerobically.

Relative to conventional pump and treat methods,
bioreclamation may be more effective since it is capable of
degrading organics sorbed to soils. Sorbed organics are not
removed using conventional pump and treat methods.

Chemical Treatment

Chemicals can be used to immobilize, mobilize (for
extraction) or detoxify subsurface organic and inorganic
contaminants. Technologies placed in the category
"immobilization" include precipitation, chelation, and
polymerization. The category encompassing methods for mobilizing
contaminants for extraction is termed "soil flushing." Flushing-
agents include surfactants, dilute acids and bases, and water.
Detoxification techniques include oxidation, reduction,

neutralization, and hydrolysis. These categories do not define

the limits of each technology, as a technique implemented
primarily for one objective may simultaneously perform one or

more others.

In-situ chemical treatment covers a wide range of methods.
Generalizations regarding the feasibility and effectiveness of
these methods are not possible. However, all these methods are
developmental or conceptual and none have been fully demonsfrated
for hazardous waste site remediation. Off all the methods that
will be described, soil flushing methods involving the use of
water surfactants appear to be the most feasible for organics.
They can use relatively cheap, innocuous treatment reagents, can

be used to treat a broad range of waste constituents, and do not
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result in toxic degradation products. The most feasible methods
for treating inorganics in-situ include soil flushing with dilute
acids, chelating agents or other treatment agents which will

mobilize the metals.

The feasibility of an in-situ chemical treatment approach is
dictated by site geology and hydrology, soil characteristics, and
waste characteristics. Since the application of many chemical
in-situ treatment techniques to hazardous waste disposal site
reclamation is conceptual or in the developmental stage, there is
little hard data available on the specific site characteristics
that may limit the applicébility of each method. Some of the
site and soil characteristics considered important in evaluatihg

the treatment applicability are as follows:

o Site location/topography

o Slope of site-degree and aspect

o Soil, type and extent

o Hydraulic properties and conditions

o Climatological factors

The chemical treatment approaches generally involve the
delivery of a fluid to the subsurface. Therefore, the same ,
factors that 1limit the use of injection/extraction wells, drains,
or surface gravity application systems will limit the
applicability of most in-situ chemical treatment approaches.
Minimal permeability requirements must be met if the treatment
solution is to be delivered successfully to the contaminated
zone. Sandy soils are far more amenable to in-situ treatment
than clayey soils. Further, the contaminated groundwater must be
contained within the treatment zone. Measures must be taken to
ensure that treatment reagents do not migrate and, of themselves,
become contaminants. Care must be taken during the extraction
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process not to increase the burden of contaminated water by
drawing uncontaminated water into the treatment zone from the

aquifer or from hydraulically connected surface waters.

Potential chemical reaction of the treatment reagents with
the soils and wastes must be éonsidered. Most hazardous waste
disposal sites contain a mix of contaminants. A treatment
approach that may neutralize one contaminant may render another
more toxic or mobile; for example, chemical oxidation will
destroy or reduce the toxicity of many toxic organics, but
chromium III, if present, will oxidize to the more toxic and
mobile chromium VI state. The permeability of soils may be
reduced by the treatment approach. In soils high in iron or
manganese; for example, oxidizing the subsurface could result in
the precipitation of iron and manganese oxides and hydroxides,
which could clog the delivery system and the aquifer.

o Soil Flushing

Soil flushing (i.e., solvent flushing, ground leaching, or

‘solution mining) is ‘an extraction process that washes organic and

inorganic contaminants from the soil. Water or an aqueous
solution is injected into the area of contamination, and the
contaminated elutriate is pumped to the surface for removal,
recirculation, or on-site treatment and reinjection. During
elutriation, sorbed contaminants are mobilized into solution,
formation of an emulsion, or by chemical reaction with the
flushing solution. Solutions with the greatest potential for use
in soil flushing are (1) water, (2) acids-bases, (3) complexing
and chelating agents, (4) surfactants and (5) reducing agents.
Soil flushing may involve the recycling of elutriate through the
contaminated material, with make-up solvent being added to the
system while a(fraction of the elutriate stream is routed to a
wastewater treatment system.
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Water can be used to flush water-soluble or water-mobile
organics and inorganics. Hydrophilic organics are readily
solubilized in water. Organics amenable to water flushing can be
identified according to their soil/water partition coefficient,
or estimated using the octanol/water coefficient. High
solubility organics, such as lower molecular weight alcohols,
phenols, and carboxylic acids very amenable to this technique.
Medium solubility organics which could be effectively removed
from soils by water flushing include low to medium molecular
weight ketones, aldehydes, and aromatics, and lower molecular
weight halogenated hydrocarbons. Inorganics which can be flushed
from soil with water are soluble salts such as the carbonates of
nickel, zinc, and copper. Adjusting the pH with dilute solutions
of acids or bases will enhance inorganic solubilization and
removal.

Dilute solution of acids have been widely used in industrial
processes to extract metal ions. Solutions of sulfuric,
hydrochloric, nitric, phosphoric, and carbonic acid are used in
industrial applications to dissolve basic metal salts. However,
because of the toxicity of many acids, it is desireable to use

" weak acids for in-situ treatment. Acidic solutions may serve to

flush some basic organics such as amines, ethers, and anilines.

Complexing and chelating agents may also find use in a
solution mining removal system for heavy metals. Chelating
agents used for in-situ treatment must result in a stable metal-
chelate complex which is resistant to decomposition and
degradation. Another possibility for mobilizing metals which are
strongly adsorbed to manganese and iron oxides in soils is to
reduce the metal oxides, resuiting in release of the heavy metal

solution. Chelating agents or acids can then be used to keep the

" metals in solution.



Surfactants can be used to improve the solvent property of
the recharge water, emulsify nonsoluble organics, and enhance the
removal of hydrophobic organics sorbed onto soil particles.
Surfactants improve the effectiveness of contaminant removal by
improving both the detergent properties of aqueous solutions and
the efficiency by which organics may be transported by aqueous
solutions. Surfactant washing is among the most promising of the
in-situ chemical treatment methods. -

Numerous environmentally safe and relatively inexpensive
surfactants are commercially available. Use of surfactants to
date has been restricted to laboratory research. Most of the
research has been performed by the petroleﬁm industry for
tertiary oil recovery. Adqueous surfactants have also been
proposed for gasoline cleanup. In a study performed by the Texas
Research Institute for the American Petroleum institute, a
mixture of an anionic and nonionic surfactants result in
contaminant recovery of up to 40 percent. In a laboratory study
conducted by Ellis and Payne,'crude oil recovery was increased
from less than 1 percent to 86 percent, and PCB recovery was
increased from less than 1 percent to 68 percent when soil
columns were flushed with an aqueous surfactant solution.

o Immobilization (see in-situ containment)
o Detoxification

Detoxification techniques are treatments that destroy,
degrade, or otherwise reduce the toxicity of contaminants. The
techniques include neutralization, hydrolysis, N
oxidation/reduction, enzymatic degradation, and permeable -
treatment beds. The techniques are applicable to specific
chemical contaminants, therefore, uses of these in-situ

techniques at waste sites will be limited.



Neutralization involves injecting dilute acids or bases into
the groundwater to adjust the pH. This pH adjustment can serve
as pretreatment prior to in-situ biodegradation, oxidation, or
reduction. It can be used to neutralize acidic or basic plumes
that need no other treatment, or to neutralize groundwater
following another treatment. It an also be used during
oxidation, reduction, or precipitation to prevent the formation
of toxic gases including hydrogen sulfide and hydrogen cyanide.

The pH adjustment can also be used to increase the
hydrolysis rate of certain organics. The rate of hydrolysis an
be increased up to one order of magnitude for a change of one
standard unit in pH; Classes of compounds with potential for in-
situ degradation by hydrolysis include: esters, amides,
carbamates, phosphoric and phosphonic acid esters, and
pesticides. Because a hydrolysis product may be more toxic than
the present compound, the pathways for reactions must be
determined to ensure toxic products are not produced. A
collection system should be incorporated as a fail safe measure
with this technique to prevent migration of the treatment

reagents and any contaminants which are not successfully treated.

Oxidation and reduction reactions serve to alter the
oxidation state of a compound through loss or gain of electrons,
respectively. Such reactions can detoxify, precipitate, or
solubilize metals, and decompose, detoxify, or solubilize
organics. Oxidation may render organics more amenable to
biological degradation. Oxidation/reduction techniques are
standard wastewater treatment approaches, but their application

as in-situ treatment technologies is conceptual.
Oxidation of inorganics in soils, is for all practical

purposes limited to oxidation of arsenic and possibly some lead

compounds. The in-situ oxidation of arsenic compounds with
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potassium permanganate has been used to successfully feduce the
arsenic concentrations in groundwater in Germany. Three
oxidizing agents, of the large number that are available, have
been considered potentially useful in the in-situ detoxification
of organics in groundwater and soil: hydrogen peroxide, ozone,
and hypochlorites. Each can react with a broad range of organics
and could potentially oxidize a number of different organic
contaminants in a hazardous waste site. Selection of the
appropriate oxidizing agent is dependent in part upon the
substance or substances to be detoxified, but also upon
feasibility of delivery and environmental safety. Although there
are some compounds that will not react with hydrogen peroxide but
will react with ozone or hypochlorite, hydrogen peroxide appears
to be the most feasible for in-situ treatment.

Ozone gas is a very strong oxidizing agent that is very
unstable and extremely reactive. It cannot be shipped or stored;
therefore, it must be generated on-site. Ozone rapidly
decomposes and its half-life in groundwater is only 18 minutes.
Ozone is used in the treatment of drinking water, municipal
wastewater, and industrial waste, but has never been used in the
treatment of contaminated soils or groundwater. |

Hypochlorite, generally available as potassium, calcium, or
sodium hypochlorite (bleach) is also used in the treatment of
drinking water, municipal wastewater, and industrial waste.
Hypochlorites have never been used in the treatment of
contaminated groundwater or soils. The reaction of many organics
with hypochlorite results in the formation of chlorinated
organics which can be as more toxic than the original
contaminant. The formation of lower molecular weight chlorinated
organics in drinking water form hypochlorite treatment for
disinfection purposes has become a major concern of the drinking
water industry.
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Hydrogen peroxide, a moderate strength chemical oxidant, is
used routinely in municipal wastewater treatment to control
various factors of biological treatment, and is also used in
industrial waste treatment to detoxify cyanide and various
organic pollutants. Hydrogen peroxide is commercially available
in aqueous solutions of several concentrations and is miscible in
water at all concentrations. It has been delivered successfully
in dilute solutions to the subsurface as an oxygen source in a
bioreclamation project.

Chemical reduction does not appear to be as promising as
oxidation for the treatment of organics. Its effectiveness in
soils has not been demonstrated. Chemical reduction does,
however, appear promising for treatment of chromium and selenium
in soils. The in-situ reduction of hexavalent to divalent
chromium has been accomplished in Arizona well water using minute
quantities of reducing agent.

There are a number of disédvantages with the use of
oxidizing and reducing agents which limit their use at hazardous
waste sites. The treatment compounds are non-specific and this
may result in degradation of non-targeted compounds. There is a
potential, particularly with oxidation, for the formation of more
toxic or more mobile degradation products. Also, the
introduction of these chemicals into the groundwater system may

create a pollution problem in itself.

Enzymatic degradation of organics with cell-free enzymes
holds potential as a possible in-situ treatment technique.
Purified enzyme extracts, harvested from microbial cells, are
commonly used in industry to catalyze a variety of reactions,
including the degradation of carbohydrates and proteins. A
bacterial enzyme preparation has been used to detoxify

organophosphate waste from containers. Parathion hydrolase has
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been tested under field conditions in the degradation of the
pesticide diazinon and has been found to effectively reduce

concentrations in soil.

Permeable treatment beds are essentially excavated trenches
piaced perpendicular to groundwater flow and filled with an
appropriate material to treat the plume as it flows through the
material. Some of the materials that may be used in the
treatment bed are limestone, érushed shell, activated carbon,
glauconitic green sands, and synthetic ion exchange resins.
Permeable treatment beds have the potential to reduce the

quantities of contaminants present in leachate plumes. The

system is applicable to relatively shallow groundwater tables
containing a plume. To date, the application of permeable

treatment beds at hazardous waste sites has not been performed.

Physical In-situ Methods

A number of methods are currently being developed which
involve physical manipulation of the subsurface in order to
immobilize or detoxify waste constituents. These technologies,
which include in-situ heating, vitrification and ground-freezing,
are in the early stages of development and detailed information
is not available. '

o Heating

In-situ heating has been proposed as a method to destroy or
remove organic contaminants in the subsurface through thermal
decomposition, vaporization, and distillation. Methods
recommended for in-situ heating are steam injection and radio
frequency heating.

The radio frequency heating process has been under
development since the 1970s. Field experiments have been

conducted for the recovery of hydrocarbons. The method involves




laying a row of horizontal conductors on the surface of a
landfill and exciting them with an RF generator through a
matching network. The decontamination is accomplished in a
temperature range of 300 to 400 degrees centigrade; assisted with
steam, and requires a residence time of about two weeks. A gas
or vapor recovery system is required on the surface. Excavation,
mining, drilling, or boring is not required. This method appears
very promising for certain situations involving contamination

with organics, although more research is necessary.

o Freezing

Artificial ground freezing involves the installation of
freezing loops in the ground and a self-contained refrigeration
system that pumps coolant around the freezing loop. Although
never used in an actual waste contaminant operation, the
technology is being used incredsingly as a construction method in
civil engineering projects. Artificial ground freezing is done
not on the waste itself, which may have a ffeezing point much
lower than that of the soil systems, but on the soil surrounding
the hazardous waste. It renders the soil practically
impermeable, but is useful only as a temporary treatmént approach
because of the thermal maintenance expense.

o Vitrification (In-situ)

See discussion in-situ containment technologies.

Soil Washing

Soil washing is a process whereby excavated contaminated
soil is washed with water to remove the contamination from the
soil grains into the washwater. Chemical agents such as (
surfactants‘dr chelants can be added to the washwater to ihcrease
the efficiency of contaminant removal. There is little or no
actual experience with washing of excavated soil at hazardous
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waste sites in the United States. A few projects in the planning
stages are reported. The soil-washing process has been used in
several installations in Holland and West Germany. The process
has been the subject of a U.S. EPA research program since about
1982, and at least one private firm (ECOVA) in the U.S. is
attempting to market the process. In Europe soil-washing
facilities are reported in Germany and the Netherlands.

The soil washing process consists of the following steps.
First, the soil feed is screened to remove debris. The soil is
then mixed with washwater in measured proportions. It is washed
or scrubbed to obtain intensive contact between the soil grains
and the washwater. Energy may be introduced into the mixture by
high-pressure water jets, vibration devices, and/or other means.
Next the washed soil is separated out of the washwater. Coarse
soil particles can be separated in a trammel or vibrating screen
device; finer sand separated in a sedimentation tank; and silt in
a hydrocyclone or centrifuge device. The resulting fine soil and
contaminated water mixture must then be treated for final
disposal of solids and recycling of the water.

' !

Soil-washing works successfully to clean coarse-grained
soils of a wide range of organic and inorganic contaminants. It
removes most water-soluble volatile organics and other highly
mobile hydrophilic compounds from soil. The soil-washing process
has great difficulty removing from fine-grained soils those

organics and inorganic compounds which do not readily separate

"from the soil to water. There is a minimum soil grain size below

which soil-washing cannot effectively remove metals and most
nonvolatile and semivolatile organics. The addition of chelants
and surfactants will somewhat reduce the minimum soil grain size
which can be successfully cleaned. The addition of the chemicals
to the washwater complicates the later treatment of the washwater
for recycle or disposal. A
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Despite the lack of U.S. experience and limited European
experience with soil-washing there is nothing to imply
reliability problems. The equipment used for soil-washing is
similar to equipment routinely used in the sand, gravel, and ore-
processing industry. Good reliability is likely the soil-washing
equipment is designed for the site soil and if properly
maintained.

Thermal Destruction

Thermal destruction is a treatment method which uses high
temperature oxidation under controlled conditions to degrade a

. substance into products that generally include carbon dioxide,

water vapor, sulfur dioxide, nitrogen oxides, hydrogen chloride
gas and ash. The hazardous products of the thermal
destruction/incineration include all the previously mentioned
products expect carbon dioxide and water vapor, plus incomplete
products of combustion and they require air pollution equipment
to control their release. Thermal destruction methods can be
used to destroy organic contaminants in liquid, gaseous and éolid
waste streams. The most common incineration technologies
applicable to hazardous waste sites are rotary kiln, multiple
hearth, fluidized bed and liquid incineration. Advanced
incineration technologies include molten salt, wet air oxidation,
plasma arc torch, circulating bed, high temperature fluid wall,
pyrolysis, supercritical water; electric tube reactor and
vertical tube reactor. Many of these advanced technologies show
promise and have been demonstrated to varying degrees, with a
wide range of applicabilities, limitations and reliabilities.
They are not presented here for conciseness and to allow focus on
the most significant incineration technologies. However, they
are well documented in the literature and should be evaluated if
thermal treatment is included in the remedial action.



o Rotary Kiln

Rotary kilns are capable of handling a wide variety of solid
and liquid wastes. They are cylindrical, refractory-line shells
that are fueled by natural gas, o0il, or pulverized coal. Most of
the heating of the waste is due to heat transfer with the
combustion product gases and the walls of the kiln. The basic
type of rotary kiln incinerator, consists of a kiln and an
afterburner.

Wastes are injected into the kiln at the higher end and are
passed through the combustion zone as the kiln rotates. The
rotation creates turbulence and improves combustion. Rotary
kilns often employ afterburners to ensure complete cdmbustion.
Most rotary kilns are equipped with a wet scrubber for acid gas
and possibly particulate emission control.

Rotary kilns are capable of burning wastes in any physical
form. They can incinerate solids and liquids independently or in
combination and can accept waste feed without any preparation.
Wastes that have been treated in rotary kilns include PCBs, tars,
obsolete munitions, polyvinyl chloride, and bottoms from solvent
reclamation operations. Because of their ability to handle waste
in any physical form, and their high incineration efficiency,
rotary kilns are the preferred method for treating mixed
hazardous solid residues. A

Rotary kilns are susceptible to thermal shock, which
necessitates very careful maintenance. The need additional air
due to leakage, have high particulate loadings, relatively low
thermal efficiency and a high capital cost.

o Multiple Hearth

Multiple hearth incinerators consist of a refractory lined
steel shell, a rotating central shaft, a series of solid flat .

B-24



hearths, a series of rabble arms with teeth for each hearth, an
air blower, waste feeding and ash removal systems, and fuel'
burners mounted on the walls. They also have an afterburner and
can have liquid waste burners, and side ports for tar injections.

The multiple hearth incinerator an be used for the disposal
of all forms of combustible materials, including sludges, tars,
solids, liquid and gases. The incinerator is best suited for
sludge destruction. Solid waste often requires pretreatment such
as shredding and sorting. It can treat the same wastes as the
rotary kiln provided that solids are pretreated. The principal
advantages of multiple hearth incineration include high residence
time for sludge and low volatile materials; the ability to handle
a variety of sludges; the ability to evaporate large amounts of
water; high fuel efficiency and the utilization of a variety of
fuels.

Multiple hearth units are susceptible to thermal shock.
They are unable to handle wastes that produce and ash which fuses-
into large rock-like structures and wastes requiring very high
temperatures. Control of the firing of supplemental fuels in
difficult. This type of incinerator has high maintenance and
operating costs.

o Fluidized Bed

Fluidized bed incinerators consist of a cylindrical vertical
refractory lined vessel containing a bed of inert granular
material, usually sand on a perforated metal plate. Combustion
air is introduced through a plenum at the bottom of the
incinerator and rises vertically fluidizing the bed and
maintaining turbulent mixing of bed particles. Waste material is
injected into the bed and combustion occurs within the bubbling
bed. Heat is transferred from the bed into the injected wastes.

Auxiliary fuel is usually injected into the bed. Since the mass
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of the heated, turbulent bed is much greater than the mass of the
waste, heat is rapidly transferred to the waste materials; a
residence time of a few seconds for gases and a few minutes for
liquids is sufficient for combustion.

The most typical wastes being‘treated in fluidized beds
include slurries and sludges. Some waste require pretreatment
such as drying, shredding and sorting. The fluidized bed can
handle the same wastes as the rotary kiln. They have been used
for the disposal of municipal wastewater treatment sludges, oil
refinery waste, and pulp and paper mill waste. There is only
limited data on the use of this technology for hazardous waste
incineration. It has been used for phenolic wastes and methyl
methacrylate. It is particularly well suited for high-moisture
wastes, sludges, and wastes containing large quantities of ash.

The advantages of fluidized bed incineration include simple
design, minimal NOx formation, long life of the incinerator, high
efficiency and simplicity of operation. It has the ability to
trap some gases in the bed, reducing the need for an emission
control system. The disadvantages included difficulty in

' removing residual materials from the bed, a relatively low

throughput capacity, and the difficulty of handling residues and
ash from the bed costs.

o Liquid Injection

A liquid incineration system consists of a single or double
refractory-line combustion chamber and a series of atomizing
nozzles. Two chamber systems are more common. The primary
chamber is usually a burner where combustible liquid and gaseous
wastes are introduced. Noncombustible liquid and gaseous wastes
are introduced downstream of the burner in the secondary chamber.
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Liquid injection can be used to destroy virtually any
pumpable waste. If viscosity precludes atomization, mixing and
heating can be used to prior to atomization. These units have
been used in the destruction of PCBs, solvents, still and reactor
bottoms, polymer wastes, and pesticides. Unlikely candidates for
destruction include heavy metal wastes and wastes high in
inorganics.

Liquid incinerators have no moving parts and require the
least maintenance of all types of incinerators. The major
limitations of these units are its ability to incinerate only
wastes which can be atomized in the burner nozzle and the
burner’s susceptibility to clogging. It also needs supplemental
fuel. Liquid injection incinerators are highly sensitive to
waste composition and flow changes. Storage and mixing tanks are
usually required to ensure a reasonably steady and homogenous
waste flow.

Excavation Technologies (contaminated soil only)

Excavation and removal followed by land disposal or -
treatment are performed extensively in hazardous waste site
remediation. There are no absolute limitations on the types of
waste which can be excavated and removed. However, worker health
and safety weighs heavily in the decision to excavate explosive,
reactive, or highly toxic waste material. Other factors which
are considered include the mobility of the wastes, the
feasibility of on-site containment of in-situ treatment and the

cost of disposing the waste or rendering it non-hazardous once it

~has been excavated. A frequent practice at hazardous waste sites

is to excavate and remove contaminant "hot spots" and to use
other remedial measures for less contaminated soils. Excavation
and removal is applicable to almost all site conditions, although
it may become cost-prohibitive at great depths or in complex
hydrogeologic environments.
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The nature and extent of preventative and mitigative
measures required for controlling environmental releases during
excavation and removal are site specific, although there are a
number of general procedures that apply to all sites. Operating
areas for staging and treating drummed wastes and contaminated
soils should at a minimum be graded to prevent puddling; lined
with polyethylene or clay; and bermed or diked. Where temporary
impoundments must be used to store liquids, it may be acceptable
to provide a thick clay liner and to excavate the contaminated
soils after use of the impbundment is completed.

As soils are being excavated on-site, air monitoring should
be conducted to determine unsafe levels of various constituents
in the ambient air. Numerous portable direct reading instruments
are available. As contaminated soils are excavated from the
disposal area, they should be transferred to box truck or to a
temporary storage area, preferably a diked or bermed area lined
with plaétic or low permeability clay. A layer of absorbent
material should be placed on the bottom of the temporary storage
area.

Excavation and removal can almost totally eliminate the
contamination at a site and the need for‘long—term monitoring.
Once excavation is begun, the time to achieve beneficial results
can be short relative to alternative technologies. Excavation
and removal can be used in combination with almost any other

remedial technologies.

The greatest problems with excavation, removal, and off-site
disposal are associated with worker safety, short term impacts,
cost, and institutional aspects. Where highly hazardous
materiéls are present, excavation can pose a substantial risk to
worker safety. Short term impacts such as fugitive dust
emissions, toxic gases, and contaminated run-off are frequently a

major concern, although mitigation measures can be taken. The
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location of the nearest RCRA-apprdved landfill or incinerator is

a very important consideration.

The excavation technologies include loading and casting
excavation, hauling excavation, pumping and industrial vacuum
loaders. The excavation technologies use equipment that is well

known and demonstrated.

Pumping may be required in order to remove.liquids and
sludges from waste sites. The liquid wastes may be pumped to a
treatment system or a tank truck for transport off-site. The
selection of a pump is complicated by the presence of chemicals
that could corrode or dissolve pump parts. Corrosive liquids
having a low pH or a high chloride ion content can rapidly
destroy most metal pumps. Wetted parts should be plastic,
rubber, or ceramic, or if made of iron, should be alloyed with
silicon and/or chromium. It is extremely important to check the
chemical compatibility of seals with the fluid being pumped.

The presence of abrasive liquids also influences pump
selection. 1Internal passages must have adequate dimensions or

"abrasive particles will damage parts that they rub against.

Close internal clearances between stationary and moving parts is
undesirable. Rubbér and ceramic parts resist abrasive wear
better than metal parts. Many manufacturers make abrasion-
resistant models, and the pump should be selected after a

detailed assessment of the waste to be pumped.

Industrial vacuum loaders such as the "Supersucker" can be
used in large scale cleanup operations to remove soil or pools of
liquid waste. Using industrial loaders for soil removal is safer
and more efficient than using hand tools. Thé typical equipment
consists of a vehicle mounted high-strength vacuums that can

carry solids, liquids, metal and plastic scraps, and almost any
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other material that can fit through the hose (i.e., 7 inch).
Because of the large capacity of the vacuum cylinder, vacuum
trucks are generally not well suited volume to be removed less
than the equivalent of 30 drums.

An important consideration with vacuum loaders is the
compatibility of wastes with materials of construction. Vacuum
cylinders can be purchased in carbon steel, stainless steel,
aluminum, and nickel. They can be treated with a variety of
coatings including epoxy, fiberglass, and neoprene rubber.

Disposal Technologies (contaminated soil only)

-

This section describes the major factors to consider in the
selection of an off-site or on-site disposal facility. Disposal
technologies are landfilling and incineration. Landfilling of
hazardous materials is becoming difficult and more expensive due
to steadily growing regulatory control. Wastes that are amenable
to treatment or incineration should be segregated from wastes for
which no treatment alternative is known. Landfilling should
usually be regarded as the least attractive alternative at a site
cleanup.

o Off-site Disposal

Determining the feasibility of off-site disposal by
landfilling, incineration or both requires knowledge of RCRA
regulations (40 CFR Parts 261-265) and other regulations |
developed by states. RCRA manifest requirements must be complied
with for all wastes that are shipped off-site. In addition, the
waste generator must comply with RCRA manifest requirements. The
generator should ensure that the facility selected to receive the
wastes is in compliance with all applicable Federal and State
regulations. RCRA storage and disposal facilities are required
to notify the generator, in writing, that they are capable of
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managing the wastes. The generator must keep a copy of this

written notification on file as part of the operating record.

A detailed waste analysis is generally required before a
waste is accepted by a treatment/disposal facility. On-site
pretreatment of wastes may be required in order to make them
acceptable for off-site transport or to meet the requirements of
an incineration or disposal facility.

The transportation of wastes is regulated by the Department
of Transportation (DOT), the EPA, the States, and in some
instances local regulations. The EPA regulations under RCRA
adopt DOT regulatiohs pertaining to labeling, placarding,
packaging, and spill reporting. Vehicles for off-site transport
must be DOT approved and must display the proper DOT placard.
Before a vehicle is allowed to leave the site, it should be
rinsed or scrubbed.

0 On-site Land Disposal

On-site disposal landfilling.

The on-site disposal of wastes by landfilling will require
the design and construction of new landfills which comply
substantially with RCRA landfill facility standards under 40 CFR
Part 264. It should be noted that EPA guidance for CERCLA
responses require most on-site disposal actions "to attain or
exceed applicable and relevant standards of Federal public health
and environmental laws, unless specific circumstances" dictate
otherwise.

The RCRA requirements under 40 CFR Part 264 and all
associated guidance are concerned with the proper location,
design, construction, operation, and maintenance of hazardous
waste management facilities. These requirements preclude
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landfilling in areas of seismic instability, in a 100-year flood-.
plain, and where the integrity of the liner system would be
adversely affected. These requirements also preclude landfilling
of liquids and several types of highly mobile and/or highly toxic
wastes. In addition to complying with these requirements, the
evaluation of an on-site landfill program must address potential
risks posed by the depth to groundwater at the site and the
degree of naturally available groundwater protection if the liner
system should fail. Other factors entering this evaluafion
include costs for monitoring the groundwater, collecting any
accumulated leachate, and for implementing further corrective
action if the groundwater has been contaminated by a leak from
the new landfill. '

The operating life of an on-site landfill should be
minimized to avoid unnecessary generation of leachate caused by
rainfall into an open cell. Sometimes it is more efficient to
construct several landfill cells in sequence rather than to
construct on large cell which will remain open for a long time
period. All materials placed into a landfill should be compacted
as much as possible using heavy equipment. This practice will
minimize settling after closure. All equipment operators and
workers must be thoroughly trained.

RCRA requires all land disposal facilities to establish a
groundwater'monitoring program. The program must be capable of
determining the facility’s impact on the quality of groundwater
in the uppermost aquifer underlying the facility.

On-site landfilling is an expensive technology which should
only be considered when: (1) there is so much waste to be
disposed that the total cost of off-site waste management at an
acceptable site is comparable; (2) simple capping of the site
will not provide adequate protection of human health and the
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environment; and (3) on-site conditions will allow the
construction of a landfill that will protect human health and the
environment. Since it is rare that all three of the above
conditions are met at a site, the on-site landfill option is not
frequently used.

Migration Control

Technologies that will eliminate, reduce or modify the
migration of the liquid plume or vapors in the ground or fugitive

~dust at the surface.

Containment and Diversion Technologies (of migration)

Surface water controls include a wide range of containment,
diversion and collection methods which are designed to minimize
contamination of surface waters, prevent surface water
infiltration, and prevent off-side transport of surface waters
which have been contaminated.. The commonly employed technologies
are capping, floating Covers, grading, revegetation, and surface
water diversion/collection. The most effective strategy for
managing surface flow frequently includes a combination of ’
several of these water control technologies.

o Capping

Capping is a process used to cover buried waste materials to
prevent their contact with the land surface and groundwater. The
designs of modern caps usually conform to the performance
standards in 40 CFR 264.310, which addresses RCRA landfill
closure requirements. These standards include minimum liquid
migration through the wastes, low cover maintenance requirements,
efficient site drainage, high resistance to damage by settling or
subsidence, and a permeability lower than or equal to the
underlying liner system or natural soils. These performance
standards may not always be appropriate, particularly in
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instances where the cap is intended to be temporary, where there
is very low precipitation, and when the capped waste is not
leached by infiltrating rainwater.

There are a variety of cap designs and capping materials
available. Most cap designs are multi-layered to conform with
design standards, however, single-layered designs are also used
for special purposes. The selection of capping materials land a
cap design is influenced by specific factors such as local
availability and costs of cover materials, desired functions of
cover materials, the nature of the wastes being covered, local
climate and hydrogeology, and projected future use of the site in

) question.

Capping is necessary whenever contaminated materials are to
be buried or left in place at a site. In general, capping is
performed when extensive subsurface contamination at a site
precludes excavation and removal of wastes. Capping is performed
together with the groundwater extraction or containment
technologies to prevent or significantly reduce further plume
development. Ground waster monitoring wells are often use in
conjunction with caps to detect any unexpected migration off the
capped wastes. A gas collection system should always be
incorporated into a cap when waétes may generate gases. Capping
is also associated with surface waster control technologies such
as ditches, dikes and berms because these structures are often
designed to accept rainwater drainage from the cap. Grading and
revegetation are incorporated into multi-layered céps.

Caps need long-term maintenance and have uncertain design
lives. Caps will need to be periodically inspected for
settlement, ponding of liquids, erosion, and naturally occurring

invasion by deep-rooted vegetation. Groundwater monitoring wells
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associated with caps need to be periodically sampled and
maintained.

Caps generally have a minimum design life of 20 years when a
synthetic liner is the only liquid barrier. This period may
extend to over one hundred years when a synthetic liner is
supported by a low-permeability base; the underlying wastes are
unsaturated; there is great distance between the waste and the
groundwater table; and proper maintenance procedures are
observed. ‘

Multi-layered caps generally conform to EPA’s guidance under
RCRA which recommends a Three-layered system consisting of an ‘
upper vedetative layer, underlain by a drainage layer over a low
permeability layer. The vegetative layer is served by the
topsoil layer; the drainage layer can be composed of sand; and
the low permeability layer can be formed by a combined synthetic
and soil liner system. The cap functions by diverting
infiltrating liquids from the vegetative layer through the
drainage layer and away from the underlying waste materials.

The low permeability layer of the multi-layered cap can be
composed of natural soils, admixed soils, a synthetic liner
overlying at least 2 feet of low permeability natural soil or
soil admix is recommended because the synthetic liner allows
virtually no liquid penetration for a minimum of 20 years, while
the so0il layer provides assurance of continued protection even if
the synthetic liner fails.

Standard design practices specify permeabilities of less
than 1- E-7 cn/sec for the soil liner. This specification could
be met with a natural soil or blending of different on-site
soils. Chemical stabilizers, cements, lime, ash, furnace slag or
other materials may be added to soil to modify its properties.
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Flexible synthetic membranes are made of polyvinyl chloride,
chlorinated polyethylene, ethylene propylene rubber, butyl
rubber, Hypalon and neoprene, and elasticized polyolefin can be
used as liners. Synthetic liners are generally more expensive
and involve labor-intensive sealing materials that. require
special field installation methods.

Single-layered caps can be constructed of any of the low
permeability materials mentioned previously. Natural soil and
admixes are not recommended because they are disfupted by
freeze/thaw cycles and exposure to drying causes them to shrink
and crack. The most effective single layer caps are composed of

concrete and/or bituminous asphalt.

Capping is a reliable technology for sealing off
contamination from the aboveground environment and 51gn1f1cant1y
redu01ng underground migration of wastes. Caps can be
constructed over virtually any site, and can be completed
relatively quickly if the ground is not frozen or saturated.

Most of the soil materials for capping are readily available in
most areas of the country, and the synthetic materials are widely
manufactured and distributed. The equipment used for
implementing this technology is mostly standard road construction
equipment, however some specialized testing equipment must be
supplied by the liner installer or a soil testing company.

The performance of a properly installed, multi-layered cap
is generally excellent for the first 20 years of service.
However, after this time period the integrity of the synthetic
liner becomes uncertain and should be investigated regularly.
Unforseen settling invasions by burrowing animals and deep-rooted
plants can contribute to the need for periodic monitoring and
maintenance of the cap. Groundwater monitoring wells, often
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associated wit caps, need to be sampled periodically and

maintained.

o floating Covers

Floating covers are mentioned to insure that all potential
technologies are considered. This technology is not discussed in
detail because the sources for which it is appropriate are not
present. Floating cover consist of a synthetic lining placed in
one piece over an impoundment, with proper anchoring at the
edges, and with floats to prevent the lining from submerging.
This technology is used mainly to cover drinking water supply
reservoirs, but it can be used temporarily to prevent overtopping

a waste lagoon.

o Grading

Grading is the general term for techniques use to reshape
the surface of covered landfills in order to manage surface water
infiltration and run-off while controlling erosion. The
spreading and compaction steps used in grading are techniques
practiced routinely at sanitary landfills. The equipment and
methods used in grading are essentially the same for all landfill
surfaces, but applications of grading technology will vary by
site. Grading is often performed in conjunction with surface
sealing practices and revegetation as part of an integrated
closure plan.

The techniques and equipment used in grading operations are

well established and are widely used in all forms of land

development. It is usually possible to find contractors and
equipment locally, thus expediting the work and avoiding extra

expenses.

Surface grading serves to (1) reduce ponding which minimizes
infiltration and reduces subsequent differential settling, (2)
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reduces runoff velocities to reduce soil erosion, (3) roughens
and loosens soils in preparation for revegetation and (4) can be

a factor in reducing or limiting leaching of wastes.

There are potential difficulties associated with grading.
Large quantities of a difficult to obtain cover soil may be
required to modify existing slopes. Periodic regrading and
future site maintenance may be necessary to eliminate depressions
formed through differential settlement and compaction, or to
repair slopes that have slumped or become badly eroded.

o Revegetation

Revegetation is the establishment of a vegetative cover as a
method to stabilize the surface of a disposal site. This »
technique is often preceded by capping and grading. Revegetation
decreases erosion by wind and water and contributes to the
development of a naturally fertile and stable surface
environment. Revegetation includes (1) selection of plant
species, (2) seedbed preparation, (3) seeding/planting, (4)
mulching and/or chemical stabilization, and (5) fertilization and

maintenance.

~ There are potential problems implementing a revegetation
program. Clays or synthetic barriers below support topsoil in
poorly drained areas may cause swamping of cover soil and
subsequent anaerobic conditions. A cover soil which is too thin
may dry excessively in arid seasons and irrigation may be
necessary. Improperly vented gases and soluble phytotoxic
contaminants may kill or damage vegetation. The roots of shrubs
or trees may penetrate the waste cover and cause water
infiltration and gas exfiltration. Periodic maintenance of
revegetated areas may include liming, fertilizing, mowing and/or

replanting.
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A well-designed and properly implemented revegetation plan
will effectively reduce erosion and stabilize the surface of a
covered disposal site, thereby improving the effectiveness and
reliability of the cap. A multi-layered capping system and
properly graded slopes, in combination with suitable vegetative
cover, will eventually isolate buried wastes from surface
hydrologic input.

Although vegetative covers requires frequent maintenance, it
actually prevents more costly maintenance which would result form
erosion by surface soils. Revegetation is also essential to the
integrity and performance of dikes, waterways, and sedimentation

basins.

o Surface Water Diversion and Collection

surface water diversion and collection technologies include
dikes, berms, channels, waterways, terraces, benches, chutes,
downpipes, seepage basins, ditches, sedimentation basins and
ponds, levees and floodWalls. All these technologies are well-
established. Many of these are intended for short-term use and
are neither effective nor reliable for use as a long-term

remedial measure.

Dikes and berms are well-compacted earthen ridges or ledges
constructed'immediately upslope from or along the perimeter of
disturbed areas. These structures are generally designed to
provide short-term protection of critical areas by intercepting
storm run-off and diverting the flow to natural or manmade

drainage ways, to stabilized outlets, or to sediment traps.
Dikes and berms ideally are constructed of erosion-

resistant, low permeability, clay soils. The general design life

of these structures is on the order of lone year maximum;
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seeding and mulching or chemical stabilization of dikes and berms

may extend their life expectancy.

Channels are excavated ditches. Diversion channels are used
primarily to intercept run-off or reduce slope length. They may
be stabilized with vegetation or stone rip-rap.

Failure of channels and waterways may result from
insufficient capacity, excessive velocity, or inadequate
vegetative cover. Grassed waterways must be periodically mowed
to prevent excessive retardation of flow and subsequent ponding
of water. Vegetated channels may also require periodic sodding,
remulching, and fertilizing. Sediment accumulation often results
in failure of channels and waterways. Control of vegetation to
prevent matted growth and high allowable design velocities will
reduce sediment accumulation. Stone channels have the advantage

of requiring minimum maintenance.

Terraces and benches are embankments constructed along the
contour of very long or very steep slopes to intercept and divert
flow and to control erosion by reducing slope length. These

" structures are classified as bench terraces or drainage benches.

Bench terraces are used primarily to reduce land slope while
drainage benches on broadbased terraces act to remove or retain
water on sloping land.

Chutes and downpipes are structures used to carry
concentrated flows of surface run-off from one level to a lower
level without erosive damage. They generally extend downslope
from earthen embankments and convey water to stabilized outlets
located at the base of terraced slopes. Chutes are open
channels, normally lined with bituminous concrete, portland
cement concrete, grouted rip-rap, or similar non-erodible

material. Downpipes are temporary structures constructed of
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rigid piping or flexible tubing of heavy-duty fabric.

Chutes and downpipes often represent key elements in
combined surface control systems. They are especially effective
in preventing erosion on long, steep slopes, and can be used to
channel storm run-off to sediment traps, drainage basins, or
stabilized waterways for off-site transport. However, they
provide only temporary erosion control while slopes are
stabilized with vegetative growth.

Seepage basins and ditches are used to discharge water to
groundwater. They may also be used in in-situ treatment to force
reagents into the subsurface. Seepage basins and ditches are '
most effective in highly permeable soils so that recharge can be
performed. They are not applicable at sites where collected run-
off or groundwater is contaminated. Many basins and ditches are
used in areas with shallow groundwater tables. Very deep basins
or trenches can be hazardous. Seepage ditches distribute water
over a larger area than achievable with basins. They can be used
for all soil where permeability exceeds about 0.9 inches per day.
It is unlikely that this technology would be appropriate for the
INEL site because of the deep groundwater table and uncertainties
associated with the vertical flow of liquids.

Sedimentation basins are used to control suspended solids
entrained in surface flows. A sedimentation basin is constructed
by placing an earthen dam across a water or natural depression,
or y excavation, or by a combination of both. The purpose of
installing a sedimentation basin is to impede surface run-off
carrying solids, thus allowing sufficient time for the
particulate mater to settle. Sediméntation basins are usually
the final step in control of diverted, uncontaminated, surface

run-off, prior to discharge. They are especially useful in areas
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where there exists a high silt or sand content in the surface
run-off.

Levees are earthen embankments that function as flood
protection structures in areas subject to inundation from tidal
flow or riverine flooding. Levees create a barrier to confine
floodwaters to a floodway and to protect structures behind the
barrier. Floodwalls perform much the same function as levees,
but are constructed of concrete. For hazardous waste sites,
levees and floodwalls help to control major losses of waste and
cover material and prevent massive leachate production and
subsequent contamination from riverine or tidal flooding.

Flood containment levees are most suitable for installation
in flood fringe areas or areas subject to storm tide flooding,
but not for areas directly within open floodways. Because of the
relatively long, flat side slopes of levees, an embankment of any
considerable height requires a very large base width. For
locations with limited space and fill material, or excessive real
estate costs, the use of concrete floodwalls is preferred as an
alternative to levee construction.

Levees are generally constructed of compacted impérvious
fill. Special drainage structures are often required to drain
the area behind the embankment. 1Ideal construction of levees is
with erosion-resistant low permeability soils, preferably clay.
Most levees are homogeneous embankments; but if impermeable fill
is lacking, or if seepage through and below the levee is a
problem, then construction of a compacted impervious core or
sheet~pile cut-off extending below the levee to bedrock may be
necessary.

All the diversion and containment methods described require
frequent inspection, maintenance, performance checks to ensure
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continuous reliability. Operation and maintenance requirements
for these measures are relatively simple. However, failure of
such surface control measures as floodwalls can be costly.

Groundwater Control

Control of contamination in the groundwater involves one of
four options: (1) containment of a plume; (2) removal of a plumé
after measures have been taken to halt the source of
contamination; (3) diversion of groundwaters to prevent clean
groundwater from contacting a drinking water supply; or (4)
prevention of leachate formation by lowering the water table
beneath a source of contamination. Remedial technologies for
controlling groundwater contamination'problems are generally
placed in one of four categories: (1) groundwater pumping,
involving extraction of water from or injection of water into
wells to capture a plume or alter the direction of groundwater
movement; (2) subsurface drains, consisting of gravity collection
systems designed to intercept groundwater; (3) low permeability -
barriers, consisting of a vertical wall of low permeability

materials constructed underground to divert groundwater flow or

minimize leachate generation and plume movement; or (4) in-situ

treatment methods to biologically or chemically remove or
attenuate contaminants in the subsurface. These technologies can
be used singularly or in combination to control groundwater
contamination. This section describes these technologies. The
600 foot depth to the groundwater table and the overlying basalt
layers would make the implementation of some groundwater controls
such a drains and barriers difficult, cost prohibitive and
probably technically infeasible. However, they are presented in
this section with limited detail to insure that all technologies
are considered.
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o Groundwater Pumping

Groundwater pumping techniques involve the active
manipulation and management of groundwater in order to contain or
remove a plume or to adjust groundwater levels in order to
prevent formation of a plume. Types of wells used in management
of contaminated groundwater include wellpoints, suction wells,
ejector wells, and deep wells. The selection of the appropriate
well type depends upon the depth of contamination and the
hydrologic and geologic characteristics of the aquifer.

Pumping is most effective at sites where underlying aquifers
have high intergranular hydraulic conductivity. It has been used
with some effectiveness at sites with moderate hydraulic
conductivities and where pollutant movement is occurring along
fractured or jointed bedrock. 1In fractured bedrock, the fracture
patterns must be traced in detail to ensure proper well
placement.

Where plume containment or removal is the objective, either
extraction wells or a combination of extraction and injection
wells can be used. Use of extraction wells alone is best suited
to situations where contaminants are miscible and move readily
with water; where the hydraulic gradient is steep and hydraulic
conductivity high; and where quick removal is not necessary.
Extraction wells are frequently used in combination with slurry
walls to prevent groundwater from overtopping the wall and to
minimize contact of the leachate with the wall in order to
prevent wall degradation.

A combination of extraction and injection wells is
frequently used in containment or removal where the hydraulic
gradient is relatively flat and hydraulic conductivities are only
moderate. The function of the injection well is to direct
contaminants to the extraction wells. This method has been used

B-44



|

with some success for plumes which are not miscible with water.
One problem with such an arrangement of wells is that, dead spots
can occur when these configurations are between adjacent radii of
influence. Another disadvantage is that injection wells can
suffer from many operational problems, including air locks and
the need for frequent maintenance.

Ground water barriers can be created using injection wells
to change both the direction of a plume and the speed of plume
migration. By crating an area with a higher hydraulic head, the
plume can be forced to change direction. This technique may be
desirable when short-term diversions are needed or when diversion
will provide the plﬁme with sufficient time to naturally degrade
so that containment and removal is not required.

Wellpoint systems are effective in almost any hydraulic
situation. They are best suited for shallow aquifers where
extraction is not needed below more than about 22 feet. Beyond
this depth, suction lifting is ineffective. Suction wells
operate in a similar fashion to wellpoints and are also depth
limited. The only advantage of suction wells over wellpoints is
that they have higher capacities. For extraction depths greater
than 20 feet, deep wells and ejector wells are use. Deep well
systems are better suited to homogeneous aquifers with high
hydraulic conductivities and where large volumes of water may be
pumped. Ejector wells perform better than deep wells in
heterogeneous aquifers with low hydraulic conductivities. A
problem with ejector systems is that they are inefficient and are
sensitive to constituents in the groundwater which may cause
chemical precipitates and well clogging.

Ground water pumping systems are the most versatile and

flexible of the groundwater control technologies. When used
together with a barrier wall and cap, complete hydrologic
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isolation of a site can be achieved. Groundwater pumping
systems, however, perform poorly in low transmissivity aquifers.

Operationai flexibility is high since pumping rates can be
modified to adjust to changes in flow rate. System performance
is generally good provided the wells are properly designed and
maintained. Deadspots and areas where cones of depression
overlap should be continuously monitored to ensure effectiveness.
The reliability of pumping systems can be adversely affected by
mechanical and electrical failure of pumps which can result in
loss of contaminants. However, repairs and feplacement of parts
can be done quickly and easily.

Well systems are generally safer to install then drains and
barrier walls since there is no need for trench excavation.
Installation is relatively easy and quick. Contractors qualified
to drill and install wells are readily available.

o Subsurface drains

Subsurface drains include any type of buried conduit used to
convey. and collect aqueous discharges by gravity flow.
Subsurface drains essentially function like an infinite line of
extraction wells. They create a continuous zone of influence in
which groundwater within this zone flows towards the drain.

Drains essentially function like an infinite line of
extraction wells, they can perform many of the same functions as
wells. They can be used to contain or remove a plume, or to
lower the groundwater table to prevent contact of water with the
waste material. The decision to use drains or pumping is
generally based on cost-effectiveness.

For shallow contamination problems, drains can be more cost-
effective than pumping, particularly in strata with low or
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variable hydraulic conductivity. Under these conditions, it
would be difficult to design and it would be cost prohibitive to
operate a pumping system to maintain a continuous hydraulic
boundary. Subsurface drains may also be preferred over pumping
where groundwater removal is required over a period of several
years, because the operation and maintenance cost associated with
pumping are substantially higher.

Subsurface drains are generally limited to shallow depth.
Although it is technically feasible to excavate a trench to
almost any depth, the costs of shoring, dewatering, and hardrock
excavation can make drains cost prohibitive at depths of less
than 40 feet. However, in stable low permeability éoils where
little or no rock excavation is required, draining may be cost-
effective to depths of 100 feet. Other limitations to the use of
this technology include the presence of viscous or reactive
chemicals which could clog drains and envelope material.
Conditions which favor the formation of iron manganese or calcium
carbonate deposits may also limit the use of drains.

Relative to pumping, subsurface drains can be difficult and
costly to install particularly where extensive hard rock
excavation and dewatering is required. They are also time
consuming to install and may not be an appropriate alternative
where immediate remediation is required. Safety of field workers:
is also more of a concern with subsurface drains because of the
need for extensive trench excavation.

Drains are generally more cost-effective than pumping in

~areas with low hydraulic conductivity particularly where pumping

would be required for an extended period of time. They are
easier to operate since water is collected by gravity flow. They
are also more reliable from the standpoint that there are no
electrical components which can fail. However, when drains fail
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due to clogging, breaks in the pipes, or sinkhole formation, they
can be costiy and time consuming to rehabilitate.

o Subsurface Barriers

Subsurface barriers are a variety of methods whereby low
permeability cut-off walls or diversions are installed below
ground to contain, capture, or redirect groundwater flow in the
vicinity of a site. The most commonly use subsurface barriers
are slurry walls, particularly soil-bentonite slurry walls. Less
common are cement-bentonite or concrete (diaphragm) slurry walls,
grouted barriers, and sheet piling cut-offs. Grouting may also
be used to crate horizontal barriers for sealing the bottom of

" contaminating sites.

Slurry walls are the most common subsurface barriers because
they are a relatively inexpensive means of vastly reducing
groundwater flow in unconsolidated earth materials. The term
slurry wall can be applied to a variety of barriers all having
one thing in common; they are all constructed in a vertical
trench that is excavated under a slurry. This slurry, usually a
mixture of bentonite and water, acts essentially like a drilling
fluid. It hydraulically shores the trench to prevent collapse,
and, at the same time, forms a filter cake on the trench walls to
prevent high fluid losses into the surrounding grounds. Slurry
wall types are differentiated by the materials used to backfill
the slurry trench. Most commonly, an engineered soil mixture
used to backfill the slurry trench. Typically, and engineered
soil mixture is blended with the bentonite slurry and placed in
the trench to form a soil-bentonite slurry wall. In some cases,
the trench is excavated under la slurry or portland cement,
bentonite, and water, and this mixture is left in the trench to
harden into a cement-bentonite slurry wall. In the rare case
where great strength is required, pre-cast or cast-in-place
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concrete panels are constructed in the trench to form a diaphragm
wall. '

Soil-bentonite slurry walls are backfilled with soil
materials mixed with a bentonite and water slurry. Of the three
major types of slurry walls, soil-bentonite walls offer the
lowest installation costs, the widest range of chemical
compatibilities, and the lowest permeabilities. At the same
time, soil-bentonite walls have the least strength and require a
large work area, and, because the slurry and backfill can flow,
are applicable only to sites that can be graded to nearly level.
A major concern in the application of soil-bentonite walls to

'site remediation is the compatibility of the backfill mixture

with site contaminants. Evidence indicates that soil-bentonite
backfills are not able to withstand attack by strong acids and
bases, strong salt solutions, and some organic chemicals. For
contaminate migration control there is a lack of long-term
performance data. Soil bentonite walls have been used for
decades for groundwater control in conjunction with large dam
projects and there is ample evidence of their success in this
application. The ability to withstand long-term permeation by
many contaminants is in question.

Cement-bentonite slurry walls share many characteristics
with soil-bentonite slurry walls. The principal difference
between the two is the backfill. They are generally excavated
using a slurry of Portland cement, bentonite, and water. This
slurry is left in the trench and allowed to set up to form the
completed barrier.

Cement-bentonite walls are more versatile than soil-
bentonite in two ways. First, because the slurry sets up into a
semirigid solid, this type of wall can accommodate variations in
topography by allowing one section to set while continuing the
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next section at a different elevation. Second, because the
excavation slurry is commonly the backfill too, this type of wall
is better suited to restricted areas where there is no room to
mix soil-bentonite backfill. Cement-bentonite is stranger than
soil-bentonite and so is used where the wall must have less
elasticity, such as adjacent to a building or roads.

Cement-bentonite slurry walls are limited in their use by
their higher costs, somewhat higherbpermeability, and their
narrower range of chemical compatibilities. Cement-bentonite is
susceptible to attack by sulfates, strong acids and bases, and
other highly ionic substances.

Diaphragm walls are barriers composed of reinforced concrete
panels, which are emplaced by slurry trenching techniques. They
may be cast-in-place or precast, and are capable of supporting
great loads. This degree of strength is seldom if ever called
for at a waste site. This technology has the same limitations as
cement-bentonite slurry walls.

Grout curtains are subsurface barriers created in
unconsolidated materials by pressure injection. Grout barriers
can be many times more costly as slurry walls and are generally

'incapable of attaining truly low permeabilities in unconsolidated

materials. A recent field test study of two chemical grouts
revealed significant problems in forming a continuous grout
barrier due to non-coalescence of grout pods in adjacent holes
and grout shrinkage. This study concludes that conventional
injection grouting is incapable of forming a reliable barrier in
medium sands. Grout curtains, while requiring no operation and
little or no maintenance may require more monitoring than other
barriers. This is because if even a very small gap is left in
the barrier, it can enlarge quite rapidly by piping or tunneling
if there is a sufficient hydraulic gradient across the wall.
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Sheet Piling can be used to form algroundwater barrier.
Shéet piles can be made of wood, pre-cast concrete, or steel.
Wood is an ineffective water barrier, however, and concrete is
used primarily where great strength is required. Steel is the
most effective in terms of groundwater cut-off and cost. Steel
is ineffective in rocky soils because damage or deflection of the
piles is likely to render the wall ineffective.

The performance life of sheet piling wall can be between 7
and 40 years, depending on the condition of the soil in which the
wall is installed. Sheet piling walls have been installed in

various type of soils ranging from well-drained sand to imperious

- clay.

o In-situ Treatment

See earlier discussion on in-situ waste treatment.

Fugitive Dust Controls

Fugitive dust is particulate matter that becomes airborne due to
the forces of wind, man’s activity, or both. It may include
windblown particulate matter from paved or unpaved roads, exposed
land surface and/or material made airborne by vehicular movement.
Commonly used techniques for controlling fugitive dusts from
waste sites include the use of chemical dust suppressants, wind
screens, water sprays and other measures. These are all
techniques tat are proven and have been used widely.

o Dust Suppressant

Dust suppressants include a wide range of natural and
synthetic waste materials which strengthen bonds between soil
particles and hold this strengthened condition for an appreciable
period of time. A wide variety of resins, bituminous materials

and polymers are marketed as dust suppressants. Chemical dust

- suppressants are most commonly applied with water wagons equipped
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with muzzles that shoot a flat spray behind the vehicle. The
effectiveness of a dust suppressant is dependent upon maintaining
the soil-chemical crust. Emerging weeds and any type of
disturbance from traffic will break this crust. This technology
is an effective temporary control measure. It must be reapplied
to provide long-term fugitive dust control. Application is
straightforward and can be accomplished quickly. There is a
potential for secondary impacts from the use of certain chemical

dust suppressants which contain toxic substances.

o0 Wind Fences/Screens

A wind fence is a porous screen which takes up or deflects a
sufficient amount of wind so that the wind velocity is lowered
below the threshold required for initiation of soil movement.
Wind screens are typically 4 to 10 feet high and are composed of
polyester or other high strength material. This technology is
only 60 percent efficient in controlling inhalable particulate at
wind speeds of 10 to 13 mph. Studies have shown no consistent
benefits from windscreens for particles in the respirable size
range. Maximum reduction of wind velocity can be expected for a
distance of 1 to 5 fence heights down stream.

o Water sprays

Water spray is the most common means of dust control. It
simply involves spraying water on the exposed surface areas.
This method is mainly used to reduce fugitive dusts along active
travel paths, excavation areas and from tuck boxes loaded with
soils. Active travel areas dry quickly and water must be
reapplied frequently (about every 2 hours) to maintain

effectiveness.

o0 Other measures

Other measures for paved roads include sweeping, vacuuming

or flushing. These methods are not effective with fine
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particles. Dust from excavation activities can be reduced by
maintaining a favorable slop and orientation on the waste or
overburdened piles. Piles can also be covered and an auger feed
system can be installed to emplace and remove material.

Gaseous Emissions Controls

Gases may be emitted by the vaporization of liQuids,vventing
or entrained gases or by chemical and biological reactions with
solid and liquid waste material. Volatile organics may be
released slowly but continuously form surface impoundments or
landfills. Methods for controlling the release of gaseous
emissions to the atmosphere include covers for control of
volatile emissions from impoundments'and active gas collection
systems for collection and control of gases generated in
landfills.

o Covers

Covers involve the placement of a barrier at the water-air
interface to reduce gaseous emissions. Lagoon covers, floating
immiscible liquids and floating spheres can all be use for this
purpose. There are no sources at the INEL site for which this
remedial technology is appropriate. Therefore it is not

presented in more detail.

o Passive Perimeter Gas Control Systems

Passive perimeter gas control systems control gas movement
by altering the paths of flow without the use of mechanical
components. Passive systems may be further categorized as high-

permeability or low permeability.

High-permeability systems entail the installation of highly
permeable trenches or wells between the landfill and the area to
be protected. Since the permeable material offers conditions
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more conducive to gas slow than the surrounding soil, paths of
flow to points of controlled release are established. High-
permeability systems generally take the form of trenches or wells
excavated outside of the landfill limit and backfilled with a
highly permeable medium such as a course crushed stone.

Low-permeability systems effectively block gas flow into
areas of concern by the use of barriers (i.e., synthetic
membranes of clays) between the landfill and the area to be
protected. With low-permeability systems, gases are not
collected and therefore cannot be conveyed to a point of
controlled release or treatment. The purpose of the system is to
prevent or reduce gas migration into areas that are to be
protected. These two concepts of passive gas control are often
combined in the same system to provide controlled venting of
gasses and blockage of available paths for gas migration.

Passive gas control systems can be used at virtually any
site where there is capability to trench or drill and excavation
to at least the same depth at the landfill. 1limiting factors
could include the presence of a perched water table or rock

- strata. Passive vents would generally be expected to be less

effective in areas of high rainfall or prolonged freezing
temperatures. The depth of the trench is dictated by local site
conditions. In general, the trench should extend from the
ground surface to a relatively impermeable stratum of unfractured
bedrock or clay or to the lowest groundwater table level. In
some applications, the trench need not be as deep, so long as it
extends to sufficient depth to intercept all possible avenues of
gas migration. This depth is a function of the landfill depth
and the geology in the vicinity of the landfill. The logistics
of excavation open trenches can constrain the use of [passive]
venting trenches to relatively shallow depths of 30 feet and

less.
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Passive gas control systems are essentially self-operating.
Vent pipes, drainage patterns and general conditions in the
vicinity of the systems should be occasionally inspected to
identify the need for repairs or other maintenance. Monitoring
the effectiveness of passive gas control systems normally
consists of periodic sampling of subsurface gases from probes
installed in the area being protected.

\High permeability gas control systems have functioned
adequately in mainly applications; however, there appear to be no
clear patterns which dictate success or failure of the systems.
While passive vents may perform effectively at some sites, the
method cannot be considered to be reliable for gas migration
control because of the inability of vents to control diffuse
flow. Numerous passive well venting systems have been converted
to active systems because of poor or unreliable performance.
Low-permeability systems block diffuse flow and are highly
reliable when properly designed and installed. Passive gas
control systems can be implemented with relatively conventional
construction equipment, labor, and materials. Handling and
placement of synthetic liners requires specialized equipment and
labor.

o Active Perimeter Gas Control Systems

Active perimeter gas control systems alter pressure
gradients and paths of gas movement by mechanical means. These
systems normally consist of (1) gas extraction wells, (2) gas
collection headers and (3) vacuum blowers or compressors. In a
typical system centrifugal blowers create vacuum through the
collection headers and wells to the wastes and ground surrounding
the wells. A pressure gradient is thereby established, inducing
flow from the landfill to the blower. Subsurface gases flow in
the direction of decreasing pressure gradient and are released
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directly to the atmosphere, treated and released, or, in some
cases, recovered.

Active perimeter gas control systems can be used at
virtually any site where there is capability to drill an
excavation through landfilled material to the required depth.
Limiting factors could include the presence of free-standing
leachate or impenetrable materials within the landfill. Active
systems are not sensitive to the freezing or saturation of
surface or cover soils.

Gas extraction wells maybe installed either in refuse fill
or in soil outside of the limit of fill. Wells normally consist
of a drilled excavation 12 to 36 inches in diameter which is
backfilled with one inch or larger crushed stone and 2- to 6-inch
piping, which is perforated in the areas where gas is to be
collected and solid in the upper portions. Solid-wall pipe is
used and a concrete or clay seal is provided in the upper portion
of the well to minimize infiltration of atmospheric air into the
system. A valve is provided on the lateral connection of each
well to allow regulation of flow and balancing of systems
consisting of multiple wells. A monitoring port is provided for
measuring velocity, pressure, and gas composition. Well spacing
is a critical factor in the design of the system. Spacings on
the order of 100 feet are commonly used, however, the appropriate
spacing for a given site will depend upon the depth of the
landfill, the magnitude of the vacuum applied to the well, and
the rate of gas withdrawal.

Active gas control systems require testing and adjustment
throughout their lives of operation. 1Initial start-up testing is
required to ensure that all components are functioning as
intended. Throttling of individual well valves and blower
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control valves is required to balance the system. Mechanical
components require regular service such a lubrication and part
replacement. 1In addition, subsurface gas probes in the area
being afforded protection should be monitored at least anﬁually
after system start-up to ensure that gas migration is being'
controlled.

Differential settlement of the landfill material beneath
header pipes can cause pipe movements resultant in adverse

'slopes, accumulation of condensate in low spots, and partial or

complete blockage of gas flow. Proper pipe slopes an condensate
drains can minimize this problem. A regular program of periodic
inspection and maintenance should be established to identify pipe
breakage, condensate blockage, or other header system failure.

o Active Interior Gas Collection/Recovery System

Active interior gas collection systems are similar to active
perimeter systems except gas extraction wells are placed over thg
entire landfill surface. The design limitations and
considerations are the same as perimeter systems except that
spacing of wells is generally grater. Spacings of 200 feet are

- common. This technology has been applied or is under development

for methane at over 50 sites worldwide.

Treatment Technologies

This section describes treatment methods applicable for
treating aqueous, gaseous, and solid waste streams. Many of the

‘methods described are widely used in industrial waste treatment

applications and are well described in the literature.

o Aqueous Waste (pumped liquids)

Because of their potential diversity there are many
treatment technologies that can be applied to aqueous waste
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streams. Rarely will any one treatment be sufficient so these
techniques are usually used in combination. The most applicable
treatment processes are (1) activated carbon treatment, (2)
biological treatment, (3) filtration, (4) precipitation/
flocculation, (5) sedimentation technology, (6) ion exchange and
sorptive resins, (7) reverse osmosis, (8) neutralization, (9)
gravity separation, (10 air stripping, (11) oxidation, and (12)
chemical reduction.

Activated carbon treatment is the process of adsorption onto
activated carbon. It involves contacting a stream with the
carbon, usually by flow through a series of packed bed reactors.
The activated carbon selectively adsorbs constituents by a
surface attraction phenomenon in which organic molecules are ’
attracted to the internal pores of the carbon granules. Once the
micropore surfaces are saturated with organics, the carbon is
"spent" and must be either replaced or thermally regenerated.

The time to reach "breakthrough" or exhaustion is the single most

critical operating parameter.

Activated carbon is a well developed technology. It is
especially well suited for removal of mixed organics from aqueous
wastes. It is an effective and reliable means of removing low
solubility organics. It is suitable for treating a wide range of
organics over a broad concentratibn range.

Activated carbon is easily implemented into more complex
treatment systems. The process is well suited to mobile
treatment systems as well as on-site construction. Space
requirements are small, start-up and shut-down are rapid,. and
there are numerous contractors who are experienced in operating
mobile units.
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The most obvious maintenance consideration associated with
activated carbon treatment is the regeneration of spent carbon
for reuse. Regeneration must be performed for each column at the
conclusion of its bed-like so the spent carbon may be restored as
close as possible to its original condition for reuse; otherwise,
the carbon mﬁst be disposed.

Biological Treatment removes organic matter from the waste
stream through microbial degradation. The most prevalent form of
biological treatment is aerobic (i.e., requires oxygen).

Specific processes that may be applicable include conventional
activated sludge, pure oxygen activated sludge, extended
aeration, contact stabilization, fixed film systems which include
rotating biological discs and trickling filters.

There is considerable flexibility in biological treatment
because of the variety of available processes and adaptability of
the microorganisms themselves. Many organic chemical are
considered biodegradable, although the relative ease of
biodegradation varies widely.

Biological treatment has not been widely used in hazardous
waste site remediation. Although the process can effectively
treat a wide range of organics, it has several drawbacks for
waste site application. The reliability of the process can be
adversely affected by "shock" loads of toxics. Start-up time can
be slow if the organisms need to be acclimated to the wastes and
the detention time can be long for complex wastes. However, the
existence of cultures which have been previously adapted to
hazardous wastes an dramatically decrease start-up and detention
time.

Loss of volatile organics from biological treatment
processes can pose some localized air pollution and a health
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hazard to field personnel. Sludge produced in biological waste
treatment may be a hazardous waste itself due to the sorption and
concentration of toxic and hazardous compounds contained in the
wastewater.

Filtration is a physical process whereby suspended solids
are removed from solution by forcing the fluid through a porous
medium. Granular media filtration is typically used for treating
aqueous waste streams. The filter media consists of a bed of
granular particles. The bed is contained within a basin and is
supported by an underdrain system which allows the filtered
liquid to be drawn off while retaining the filter media in place.
As water laden with suspended solids passes through the bed of
filter medium, the particles become trapped on top of and within
the bed. 1In order to prevent plugging, the filter is backflushed
at high velocity to dislodge the particles. The backwash water
contains high concentrations of solids and requires further
treatment.

Filtration is a reliable and effective means of removing low
levels of solids for streams provided the content does not vary
greatly and the filter is backwashed at appropriate intervals.
Filtration equipment is relatively simple, readily available in a
wide range of sizes and easy to operate and control. The
significant maintenance consideration is handling the backwash.
Backwash will generally contain high concentrations of
contaminants and require subsequent treatment.

Precipitation is a physicochemical process whereby some or
all of a substance in solution is transformed into a solid phase.
It is based on alteration of the chemical equilibrium
relationships affecting the solubility of inorganic species.
Removal of metals as hydroxides or sulfides is the most common
precipitation application in wastewater treatment. Generally,
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lime or sodium sulfide is added to the wastewater in a rapid
mixing tank along with flocculating agents. The wastewater flows
to a flocculation chamber in which adequate mixing and retention
time is provide for agglomeratioﬁ of precipitate particles.
Agglomerated particles are separated from the liquid phase by
settling in a sedimentation chamber, and/or by other physical
processes such as filtration.

Flocculation is used to describe the process by which small,
unsettleable particles suspended in a liquid medium are made to
agglomerate into larger, more settleable particles. Chemicals
used to cause flocculation include alum, lime, various iron
salts, and organic flocculating agents called polyeiectrolytes.

Once suspended particles have flocculated into larger
particles, they usually an be removed from the liquid by
sedimentation, provided that a sufficient density difference
exists between the suspended matter and the liquid.

Precipitation is applicable to the removal of most metals
from aqueous streams including zinc, cadmium, chromium, copper,
fluoride, lead, manganese, and mercury. Also certain anionic
species can be removed by precipitation, such as phosphate,
sulfate, and fluoride.

Certain physical or chemical characteristics may limit the
applicability of precipitation. Organic compounds may form
organometallic complexes with metals, which could inhibit
precipitation. Cyanide and other ions in the stream may also
complex with metals, making treatment by precipitation less
efficient. Highly viscous waste streams will inhibit settling of
solids. ‘
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Precipitation and flocculation are well established
technologies and the operating parameters are well defined. The
processes require only chemical pumps, metering devices, and
mixing and settling tanks. The eQuipment is readily available
and easy to operate. Precipitation is nonselective in that
compounds other than those targeted may be removed. Both
precipitation and flocculation are nondestructive and genefates a
large volume of sludge which must be disposed.

Sedimentation is a process that relies upon gravity to
remove suspended solids in an aqueous waste stream. The'proces
consists of a basin that will maintain the liquid in the
quiescent state, a means of directing the liquid to the basin in
a manner conducive to settling, and a means of physically
removing the settled particles. This technology is applicable to
the removal of particles heavier than water. Sedimentation
provides a reliable means to remove suspended matter and is
capable of 90 to 99 percent efficiency. .

Ion Exchange is a process whereby the toxic ions are removed
from the aqueous phase by being exchanged with relatively
harmless ions held by the ion exchange material. Modern ion
exchange resins are primarily synthetic organic materials
containing ionic functional groups to which exchangeable ions are
attached. These synthetic resins are structurally stable,
exhibit a high exchange capacity, and can be tailored to show
selectivity towards specific ions. The exchange reaction is
reversible and concentration dependent, and it is possible to
regenerate the exchange resins for reuse. Sorptive resins are
also available for removal of organics and the removal mechanism
is one of sorption rather than ion exchange.

Ion exchange can be used to remove a broad range of ionic
species from water including: all metallic elements when present
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as a soluble species, inorganic anions, organic acids, and
organic amines. Sorptive resins can remove a wide range of polar

and non-poelar organics.

Ion exchange is a well established technology for removal of -
heavy metals and hazardous anions from dilute solutions. 1Ion
exchange can be expected to perform well for these applications
when fed wastes of variable composition, provided>the system’s
effluent is continually monitored to determine when resin bed
exhaustion has occurred. Consideration must be given to disposal
of contaminated ion exchange regeneration solution.

Reverse osmosis is the application of sufficient pressure to -
the concentrated solution to overcome the osmotic pressure and
force the net flow of water through the membrane toward the
dilute phase. This allows the concentration of solute to build
up in a circulating system on one side of the membrane while
relatively pure water is transported through the membrane. Ions
and small molecules in true solution can be separated from water
by this technique.

Reverse osmosis is used to reduce the concentrations of
dissolved solids, both organic and inorganic. 1In treatment of
waste streams the use of this process would be primarily limited
to polishing low flow streams containing highly toxic
contaminants. Good removal can be expected for high molecular
weight organics and charged anions and cations. Multivalent ions
are treated more effectively than are univalent ions. Recent
advance in membrane technology have made it possible to remove
such low molecular weight organics as alcohols, ketones, amines,
and aldehydes.

Reverse osmosis is an effective treatment technology for
removal of dissolved solids presuming appropriate pretreatment
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has been performed for suspended solids removal, pH adjustments,
and removal of oxidizers, oil, and grease. Because the process
is so susceptible to fouling and plugging, on-line monitors may
be required to monitor pH, suspehded solids, etc. on a continuous
basis. Reverse osmosis has not been widely used for treatment of
hazardous waste streams.

Reverse osmosis will not reliably treat wastes with a high
organic content, as the membrane may dissolve in the waste.
Lower levels of organic compounds may also be detrimental to the
unit’s reliability, as biological
growth may form on a membrane fed an influent containing
biodegradable organics.

Neutralization consists of adding acid or base to a waste in
order to adjust its pH. The most common system for neutralizing

,acidic or basic waste streams utilizes a multiple compartmental

basin usually constructed of concrete. This basin is lined with
acid brick or coated with a material resistant to the expected
environment.

Neutralization can be applied to any wastewater requiring pH
control. It is a relatively simple unit treatment process which
can be performed using readily available equipment. Only storage
and reaction tanks with accessory agitators and delivery systems
are required. Because of the corrosivity of the wastes and
treatment reagents, appropriate materials of construction are
needed to provide a reasonable service-life for equipment. The
process is reliable provided pH monitoring units are used.

Neutralization of wastestreams has the potential of
producing air emissions. Acidification of streams containing
certain salts, such as sulfide, will produce toxic gases. Feed
tanks should be totally enclosed to prevent escape of acid fumes.
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Adequate mixing should be provided to dispersé the heat of
reaction if wastes being treated are concentrated. The process
should be controlled from a remote location.

Gravity Separation is a purely physical phenomenon in which
the oil is permitted to separate from water in a conical tank.
It offers a straightforward, effective means of phase separation
provide the oil and water phases separate adequately within the
residence time of the tank. Simple, readily available equipment
can be used and operational requirements are minimal.
Consideration must be given to the disposal of the extracted
waste constituents collected.

Air Stfipping is a mass transfer process in which volatile
contaminants in water or soil are transferred to gas. Air
stripping is frequently accomplished in a packed tower equipment
with an air blower. The packed tower works on the principle of
countercurrént flow. The water stream flows down through the
packing while the air flows upward, and is exhausted through the
top. Volatile, soluble components have an affinity for the gas
phase and tend to leave the aqueous stream for the gas phase. 1In
the cross-flow tower, water flows down through the packing as in
the countercurrent packed column, however, the air is pulled
across the water flow path by a fan. The coke tray aerator is a
simple, low maintenance process requiring no blower. The water
being treated is allowed to trickle through several layers of
trays. This prodﬁces a large surface area for gas transfer.
Diffused aeration stripping and induced draft stripping sue
aeration basins similar to standard wastewater treatment aeration
basins. Water flows through the basin from top to bottom or from
one side to another with the air dispersed through diffusers at
the bottom of the basin. The air-to-water ratio is significantly
lower than in either the packed column or the cross-flow tower.
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In recent years, air stripping has gained increasing use for
the effective removal of volatile organics from aqueous
wastestreams. It has been used most cost-effectively for
treatment of low concentrations df volatiles or as a pretreatment
step prior to activated carbon. The equipment for air stripping -
is relatively simple, start-up and shut-down can be accomplished
quickly, and the modular design of packed towers makes air
stripping well suited for waste site applications.

. Oxidation or reduction-oxidation reactions are those in
which the oxidation state of at least one reactant is raised
while that of another is lowered. 1In chemical oxidation, the
oxidation state of the treated compound is raised. Common
commercially available oxidants include potassium permanganate,
hydrogen peroxide, calcium or sodium hypochlorite and chlorine
gas. Chemical oxidation is used primarily for detoxification of
cyanide and for treatment of dilute wastestreams containing
oxidizable organics. Among the organics for which this treatment
has been reported are aldehyde, mercaptans, phenols, benzidine,

unsaturated acids and certain pesticides.

Chemical reduction involves the addition of reducing agent
which lowers the oxidation of a substance in order to reduce
toxicity or solubility or to transform it to a form which can be
more easily handled. See the earlier discussion of in-situ
chemical treatment processes which includes chemical reduction
for more technical details.

With reépect to aqueous liquids commonly used reducing
agents include sulfite salts, sulfur dioxide and the base metals
(iron, aluminum and zinc). Chemical reduction is used primarily
for reduction of hexavalent chromium, mercury and lead. Very
simple equipment is required for chemical reduction. This
includes storage vessels for the reducing agents and perhaps for
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the wastes, metering equipment for both streams, and contact
vessels with agitators. Some instrumentation is required to
determine the concentration and pH of the waste and the degree of
completion of the reduction reaction. Chemical reduction is a
well demonstrated technology for the treatment of lead, mercury,

and chromium.

Solids

The treatment of solids involves their separation from
slurries and their classification by grain size. The objective

‘of separating solids is to attain two distinct waste streams: a

liquid that can be treated for removal of dissolved and fine
suspended contaminants; and a concentrated slurry that can be

dewatered and treated.

~ Classification of particles according to grain size may be
undertaken for one of two reasons. Fifst, is that more efficient
use can be made of equipment and land area by taking advantage of
the differences in settling velocity of different sized
particles. Second, there is recent evidence to suggest that
classification by grain size is important in managing
contaminated soils because of the apparent tendency of
contaminants to adsorb preferentially onto fine-grained

materials.

O Separation

Solids separatioh methods include sieves and screens,
hydraulic and spiral classifiers, cyclones, settling basins and
clarifiers. These are all well demonstrated technologies that
are widely adapted in industrial processes and wastewater

treatment.

Sieves or screens consist of bars, woven wire or perforated
plate surfaces which retain particles of a desired size range
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while allowing smaller particles and the carrying liquid to pass
through the openings in the screening surface. Types of sieves
or screens include grizzlies, moving screens and fixed screens.

Hydraulic classifiers are commonly used to separate sand and
gravel from slurries and classify them according to grain size.
These units consist of elevated rectangular tanks with v-shaped
bottoms to collect the material. Discharge valves which are
located along the bottom of the tank are activated by motor-
driven vanes that sense the level of solids as they accumulate.
The principal of operation is simple. The slurry is introduced
into the feed end of the tank. As the slurry flows to the
opposite end, solids settle out according to particfe size as a

result of differences in settling velocity.

The spiral classifier consists of one or two long, rotating
screws mounted on an incline within a rectangularly shaped tub.
It is used primarily to wash adhering clay and silt from sand and
gravel fractions. The screw conveys settled solids up an incline
to be discharged through an opening at the top of the tub. Fines
and materials of low specific gravity are separated from sand and
gravel through agitation and the abrading and washing action of
the screw, and are removed along with the wastewater overflow at
the bottom of the tub.

Cyclones and hydroclones are separators in which solids that
are heavier than water are separated by centrifugal force. A
hydroclone consists of a cylindricél/conical shell with a
tangential inlet for feed, an outlet for the overflow of slurry,
and an outlet for the underflow of concentrated solids. Cyclones
and hydrocyclones contain no moving parts. The slurry is fed to
the unit with sufficient velocity to create a "vortex" action
that forces the slurry into a spiral and, as the rapidly rotating
liquid spins about the axis of the cone, it is forced to spiral



inward and then out through a centrally located overflow outlet.
Smaller-sized particles remain suspended in the liquid and are
discharged through the overflow. Larger and heavier particles of
solids are forced outward against the wall of the one by
centrifugal force within the vortex. The solids spiral around
the wall of the cyclone and exit through the apex at the bottom
of the cone.

A settling basin is an impoundment, basin, clarifier, or
other container that provides conditions conducive to allowing
suspended particles to settle from a liquid by gravity or .
sedimentation. The slurry is introduced into the basin and
settling of solidé occurs as the slurry slowly flows across the
length of the basin. Flow out the opposite end of the basin is
reduced in its solids content.

Commonly used types of settling basins are impoundment
basins, conventional clarifiers and high rate clarifiers. An
impoundment basin is earthen impoundment of diked area that is
lined in a manner that is appropriate for protecting underlying
groundwater. They are used to remove particles in the size range
of gravel down to fine silt of 10 to 20 microns with flocculants.

- Conventional clarifiers are rectangular or circular settling

basins which are typically equipped with built-in solids
collection and removal mechanisms. A high rate clarifier uses
multiple "stacked" plates, tubes, or trays to increase the
effective settling surface area of the clarifier and decrease the
actual surface area needed to effect settling.

Sedimentation employing impoundment basins are conventiohal
clarifiers is a well established technology for removing
particles ranging in size from gravel down to fine silt. Proper
flocculation is essential to ensure removal of silt-sized
particles. Sedimentation methods have not been widely employed
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for classifying solids according to particle size. They can be
expected to be less effective in classifying solids than
classifiers, cyclones, and screens.

o Dewatering

Dewatering is a physical unit operation used to reduce the
moisture content of slurries or sludges in order to facilitate
handling and prepare the materials for final treatment or
disposal. Device which can be used to dewater materials include

gravity thickeners, centrifuges, filters, and dewatering lagoons.

Gravity thickening is generally accomplished in a circular
tank, similar in deéign to a conventional clarifier. The slurry
enters the thickener through a center feedwell designed to
dissipate the velocity and stabilize the density currents of the
incoming stream. The feed sludge is allowed to thicken and
compact by grévity settling. ' A sludge blanket is maintained on
the bottom to help concentrate the sludge. The clarified liquid
overflows the tank and the underflow solids are raked to the
center of the tank and withdrawn by gravity discharge or pumping.
Flocculants are often added to the feed stream to enhance
agglomeration of the solids and promote quicker or more effective
settling.

Gravity thickeners are used to concentrate slurries and are
capable of achieving a solids concentration of approximately 2 to
15 percent. They generally produce the thinnest and least
concentrated sludge of all the dewatering methods. The intent in
using a gravity thickener is usually to reduce the hydraulic load
of a 'slurry that is to be fed to a more efficient dewatering
method. Gravity thickening provides a simple, low maintenance
method for concentrating slurries, thereby reducing the hydraulic
load to subsequent dewatering processes. They are suitable for )
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operations where a high degree of operator supervision cannot be
provided.

Dewatering lagoons use a gravity or vacuum assisted
underdrainage system to remove water. The base of the lagoon is
lined with clay plus a synthetic liner or other appropriate liner
material to prevent migration of contaminants into the underlying
soils and groundwater. At a minimum, the liner consists of a low
permeability clay layer which is several feet thick. When the
lagoon is no longer in use, the clay liner is excavated and
properly disposed.

Dewatering lagoons are best suited to large-scale dewatering
operations where the volume of sludge or sediment would require
an inordinately large number of mechanical dewatering units.
Lagoons are one of the more effective dewatering methods. A
gravity dewa;ering system is capable of achieving 99 percent
solids removal and dewatered cake of 35 to 40 percent solids
after 10 to 15 days. The major limitations on the use of
dewatering lagoons is that they require large land areas and long
set-up times. Because of their large surface area they may not

be well suited to areas with heavy rainfall or to areas where

long periods of freezing would prevent dewatering.

Centrifugal dewatering is a process which uses the force
developed by fast rotation of a cylindrical drum or bowl to
separate solids and liquids by density differences under the
influence of centrifugal force. Dewatering is usually
accomplished using solid bowl or basket centrifuges. Disk’
centrifuges are also available and are mainly used for
clarification and thickening.

Centrifuges can be used to concentrate or dewater soils
ranging in size from fine gravel down to silt. Effectiveness of
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centrifugation depends upon the particlelsizes and shapes, and
the solids concentration among other factors. Data from the
dewatering of municipal sludges indicate that solids
concentrations ranging from about 15 to 40 percent are achievable
with the solid bowl centrifuge. Solids capture typically ranges
from about 85 to 97 percent with chemical conditioning.

Filtration is a physical process whereby particles suspended
in a fluid are separated from it by forcing the fluid through a

. porous medium. Three types of filtration are commonly used for

dewatering: belt press filtration, vacuum filtration, and
pressure filtration. i

Belt filter presses employ single or double moving belts to
continuously dewater sludges. The sludge usually after some
conditioning contacts the moving belt(s). The space containing
the sludge is gradually decreased as the sludge moves through the
process. Progressively more and more water is expelled
throughout the process until the end where the cake is
discharged.

A vacuum filter consists of a horizontal cylindrical drum
which rotates partially submerged in a vat of sludge. The drum
is covered with a continuous belt of fabric or wire mesh. A
vacuum is applied to the inside of the drum. The wet solids
adhere to the outer surface. As the drum continues to rotate, it
passes from the cake forming zone to a drying zone, and finally
to a cake discharge zone where the sludge cake is removed from
the media.



